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EL DISPLAY APPARATUS

RELATED APPLICATIONS

This application 1s a Continuation of U.S. patent appli-
cation Ser. No. 14/341,620, filed on Jul. 25, 2014, which 1s
a Continuation of U.S. patent application Ser. No. 10/488,
591, filed on Sep. 17, 2004 and now U.S. Pat. No. 8,823,606
1ssued on Sep. 2, 2014, which 1s a U.S. National Phase under
35 U.S.C. § 371 of International Application No. PCT/
JP2002/009111, filed on Sep. 6, 2002, which 1n turn claims
the benefit of Japanese Application Nos. 2002-136117, filed
on May 10, 2002; 2001-347014, filed on Nov. 13, 2001;
2001-291398, filed on Sep. 25, 2001; and 2001-271311,
filed on Sep. 7, 2001, the entire disclosures of which
Applications are incorporated by reference herein.

TECHNICAL FIELD

The present invention relates to an EL display apparatus
employing an organic or inorganic electroluminescence
(EL) device and, more particularly, to an EL display appa-
ratus capable of feeding an EL device with a desired current,
a method of driving the same, and an electronic apparatus
provided with such an EL display apparatus.

BACKGROUND ART

In general, an active-matrix display apparatus has a mul-
tiplicity of pixels arranged 1n matrix and displays an image
by controlling the intensity of light pixel by pixel 1n accor-
dance with 1image signals given. When, for example, liquid
crystal 1s used as an electro-optic substance, the transmit-
tance of each pixel varies 1n accordance with the voltage
applied to the pixel. The basic operation an active-matrix
image display apparatus employing an organic electrolumi-
nescence (EL) material as an electro-optic converting sub-
stance 1s the same as in the case where liquid crystal 1s used.

A liquid crystal display panel has pixels each functioning
as a shutter and displays an image by turning on/off light
from a back light with such a shutter, or a pixel. An organic
EL display panel 1s a display panel of the self-luminescence
type having a light-emitting device in each pixel. Such a
self-luminescence type display panel has advantages over
liquad crystal display panels, including higher 1mage visibil-
ity, no need for a back light, and higher response speed.

The organic EL display panel controls the luminance of
cach light-emitting device (pixel) based on the amount of
current. Thus, the organmic EL display panel 1s largely dii-
ferent from the liqud crystal display panel in that its
luminescent devices are of the current-driven type or the
current-controlled type.

Like the liquid crystal display panel, the organic EL
display panel can have any one of a simple-matrix configu-
ration and an active-matrix configuration. Though the for-
mer configuration 1s simple 1n structure, 1t has a difliculty in
realizing a large-scale and high-definition display panel.
However, 1t 1s mexpensive. The latter configuration can
realize a large-scale and high-definition display panel. How-
ever, 1t has problems of a technical difliculty in control and
of a relatively high price. Presently, organic EL display
panels of the active-matrix configuration are being devel-
oped intensively. Such an active-matrix EL panel controls
clectric current passing through the light-emitting device
provided in each pixel by means of a thin film transistor

(TF'T) located 1nside the pixel.
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An organic EL display panel of such an active-matrix
configuration 1s disclosed 1n Japanese Patent Laid-Open
Publication No. HEI 8-234683 for example. FIG. 62 shows
an equivalent circuit of one pixel portion of this display
panel. Pixel 216 comprises an EL device 2135 as a light-
emitting device, a first transistor 211a, a second transistor
2115, and a storage capacitor 219. Here, the EL device 215
1s an organic electroluminescence (EL) device.

In the present description, a transistor for feeding (con-
trolling) current to an EL device is referred to as a dniving
transistor, while a transistor operating as a switch like the
transistor 2116 1 FIG. 62 referred to as a switching tran-
s1stor.

EL device 215 has a rectification property in many cases
and hence 1s called OLED (Organic Light-Emitting Diode)
as the case may be. For this reason, the EL device 215 1n
FIG. 62 1s regarded as an OLED and represented by the
symbol of a diode.

In the example shown 1n FIG. 62, the source terminal (S)
ol p-channel transistor 211a 1s connected to Vdd (power
source potential), while the cathode (negative electrode) of
the EL device 215 connected to ground potential (Vk). On
the other hand, the anode (positive electrode) 1s connected to
the drain termunal (D) of the transistor 2115. The gate
terminal of the p-channel transistor 2115 1s connected to a
gate signal line 217a, the source terminal connected to a
source signal line 218, and the drain terminal connected to
the storage capacitor 219 and the gate terminal (G) of the
transistor 211a.

In order to operate the pixel 216, first, the source signal
line 218 1s applied with an i1mage signal indicative of
luminance information with the gate signal line 2174 turned
into a selected state. Then, the transistor 2115 becomes
conducting and the storage capacitor 219 1s charged or
discharged, so that the gate potential of the transistor 211a
becomes equal to the potential of the image signal. When the
gate signal line 217a 1s turned 1nto an unselected state, the
transistor 211a 1s turned ofl, so that the transistor 211a 1s
clectrically disconnected from the source signal line 218.
However, the gate potential of the transistor 211a 1s stably
maintained by means of the storage capacitor 219. The
current passing through the EL device 215 via the transistor
211a comes to assume a value corresponding to voltage Vgs
across the gate and the source terminals of the transistor 11a,
with the result that the EL device 215 keeps on emitting light
at a luminance corresponding to the amount of current fed
thereto through the transistor 211a.

As described above, according to the prior art configura-
tion shown 1n FIG. 62, one pixel comprises one selecting
transistor (switching device) and one driving transistor.
Another prior art configuration 1s disclosed 1n Japanese
Patent Laid-Open Publication No. HEI 11-327637 {for
example. This publication describes an embodiment 1n
which a pixel comprises a current mirror circuit.

Meanwhile, the organic EL display panel 1s usually manu-
factured using a low temperature polysilicon transistor array.
Since organic EL devices emit light based on current, the
organic EL display panel involves a problem that display
irregularities occur 1f there are variations 1n transistor char-
acteristics.

Further, a conventional EL display panel cannot suili-
ciently charge/discharge the parasitic capacitance which 1s
present in the source signal line 18. For this reason there
arises a problem that 1n some cases a desired current cannot

be fed to pixel 16.

DISCLOSURE OF INVENTION

The present mvention has been made 1n view of the
foregoing circumstances. It 1s an object of the present
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invention to provide an EL display apparatus which 1s
capable of realizing satisfactory image display by suili-
ciently charging/discharging the parasitic capacitance pres-
ent 1n the source signal line.

In order to attain this object, an EL display apparatus
according to the present invention comprises: a plurality of
gate signal lines and a plurality of source signal lines, which
are arranged to intersect each other; EL devices arranged 1n
a matrix pattern, each of the EL devices being operative to
emit light at a luminance corresponding to a current fed
thereto; a gate driver operative to output a gate signal to each
of the gate signal lines; a source driver operative to output
to each of the source signal lines a current which 1s higher
than a current corresponding to an 1mage signal nputted
from outside; a transistor, provided for each of the EL
devices, for outputting the current outputted from the source
driver to the EL device; and a first switching device capable
of feeding the current outputted from the source driver to the
EL device by switching to bring the EL device and the
transistor into and out of conduction thereacross in accor-
dance with the gate signal fed thereto through the gate signal
line, wherein the gate driver 1s configured to output the gate
signal to the gate signal line in a manner to bring the EL
device and the transistor into and out of conduction there-
across at least once 1n a one-frame period.

With this construction, the source driver outputs a higher
current than the current corresponding to the image signal to
the source signal line and, hence, even 11 a parasitic capaci-
tance 1s present in the source signal line, the parasitic
capac1tance can be charged/discharged. When such a high
current 1s fed to the EL device, the EL device emits light at
a higher luminance than a luminance corresponding to the
image signal. By making the duration of current feed to the
EL device shorter than the one-frame period, the time period
tor which the EL device emits light can be shortened, with
the result that image display at a luminance equivalent to the
luminance corresponding to the image signal 1s realized.

In the EL display apparatus according to the above-
described 1nvention, the gate driver may be configured to
output the gate signal to the gate signal line in a manner to
bring the EL device and the transistor into and out of
conduction thereacross plural times periodically in the one-
frame period.

With this feature, the so-called interlaced driving can be
realized, which can provide for more satisfactory image
display.

The EL display apparatus according to the above-de-
scribed 1invention may further comprise a second switching
device capable of feeding the current outputted from the
source driver to the transistor by switching to bring the
source driver and the transistor into and out of conduction
thereacross 1n accordance with the gate signal fed thereto
through the gate signal line, wherein the gate driver i1s
configured to bring the source driver and the transistor into
conduction thereacross to program the transistor with the
current outputted from the source dniver while the EL device
and the transistor are out of conduction thereacross and then
output the gate signal to the gate signal line 1in a manner to
bring the
conduction thereacross at least once 1n the one-frame period.

With this feature, display 1rregularities due to variations in
transistor characteristics can be prevented, whereby satis-
factory image display can be realized.

In the EL display apparatus according to the above-
described mnvention, the gate driver and the transistor may be
formed 1n a same process. Specifically, the gate driver and
the driver [sic] may be formed using the low temperature

EL. device and the transistor into and out of
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polysilicon technology for example. The formation of these
components 1n this manner makes 1t possible to narrow the
frame.

In the EL display apparatus according to the above-
described invention, the source driver may comprise a
semiconductor chip.

According to the present invention, there 1s also provided
an EL display apparatus comprising: a plurality of gate
signal lines and a plurality of source signal lines, which are
arranged to intersect each other; EL devices arranged 1n a
matrix pattern, each of the EL devices being operative to
emit light at a luminance corresponding to a current fed
thereto; a gate driver operative to output a gate signal to each
of the gate signal lines; a source driver operative to output
to each of the source signal lines a current which 1s higher
than a current corresponding to an i1mage signal inputted
from outside; a switching device provided for each of the EL
devices and capable of feeding the EL device with a current
fed through the source signal line by switching to bring the
EL. device and the source signal line into and out of
conduction thereacross in accordance with the gate signal
ted thereto through the gate si 1ignal line; a plurahty of dummy
devices located 1n a region different from a region where the
EL devices are formed, the dummy devices being of sub-
stantially no use 1 1image display; and a second switching
device provided for each of the dummy devices and capable
of feeding the dummy device with the current fed through
the source signal line by switching to bring the dummy
device and the source signal line into and out of conduction
thereacross in accordance with the gate signal supplied
thereto through the gate signal line, wherein the gate driver
1s configured to output gate signals to the gate signal line
associated with the EL device and the gate signal line
associated with the dummy device at substantially the same
timing, whereby the EL device and the dummy device are
fed with the current fed through the source signal line
dividedly therebetween.

With this construction, the source driver outputs a higher
current than the current corresponding to the image signal to
the source signal line and, hence, even 11 a parasitic capaci-
tance 1s present in the source signal line, the parasitic
capacitance can be charged/discharged. Even when the
source driver outputs the higher current than the current
corresponding to the image signal to the source signal line,
the EL device can be prevented from emitting light at a
higher luminance than necessary because the current out-
putted from the source driver 1s divided into shares which
are fed to the EL device and the dummy device, respectively.

The EL display apparatus according to the above-de-
scribed invention may have an arrangement wherein: the
gate signal line associated with the dummy device 1s formed
to extend adjacent the gate signal line associated with EL
devices 1 a first or final row; and the gate driver 1is
configured to output gate signals to gate signal lines asso-
clated with a series of adjacent rows at substantially the
same timing series by series sequentially, whereby plural EL
devices or the pair of the EL device and the dummy device
are fed with the current fed through the source signal line
dividedly therebetween.

According to the present invention, there 1s also provided
a method of driving an EL display apparatus having an EL
device which 1s operative to emit light at a luminance
corresponding to a current fed thereto, and a source driver
operative to output a current to the EL device through a
source signal line, the method comprising the steps of:
causing the source driver to output to the source signal line

a current higher than a current corresponding to an image
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signal inputted from outside; and feeding the EL device with
the current outputted to the source signal line for a part of a
one-frame period to cause the EL device to emit light at a
luminance corresponding to the current outputted to the
source signal line for the part of the one-frame period.

In the method of driving an EL display apparatus accord-
ing to the above-described mvention, the part of the one-
frame period may be divided into plural periods.

An electronic apparatus according to the present invention
comprises an EL display apparatus as recited in claim 1 and
an arrangement for outputting an image signal to the El
display apparatus.

According to the present invention, there 1s also provided
an EL display apparatus comprising: EL devices arranged 1n
a matrix pattern; a driving transistor operative to feed a
current to each of the EL devices; a first switching device
disposed between the EL device and the driving transistor;
and a gate driver operative to on-oil control the first switch-

ing device, wherein the gate driver 1s configured to control
the first switching device 1n a manner to turn the first
switching device ofl at least once within a one-frame period.

In the EL display apparatus according to the above-
described invention, the first switching device may be con-
trolled in a manner to turn ofl plural times periodically
within the one-frame period.

According to the present invention, there 1s also provided
an EL display apparatus comprising: a source driver circuit
operative to output a programming current; EL. devices
arranged 1n a matrix pattern; a driving transistor operative to
feed a current to each of the EL devices; a first switching
device disposed between the EL device and the driving
transistor; a second switching device forming a path for
transmitting the programming current to the driving transis-
tor; and a gate driver circuit operative to on-oil control the
first and second switching devices, wherein the gate driver
1s configured to control the first switching device 1 a
manner to turn the first switching device on at least once and
ofl at least once within a one-frame period.

In the EL display apparatus according to the above-
described invention, 1t 1s possible that the gate driver and the
driving transistors are formed 1n a same process, while the
source driver comprises a semiconductor chip.

According to the present invention, there 1s also provided
an EL display apparatus comprising: gate signal lines;
source signal lines; a source driver operative to output a
programming current; a gate driver; EL devices arranged in
a matrix pattern; a driving transistor operative to feed a
current to each of the EL devices; a first transistor disposed
between the EL device and the driving transistor; and a
second transistor forming a path for transmitting the pro-
gramming current to the driving transistor, wherein: the
source driver 1s operative to output the programming current
to each of the source signal lines; the gate driver 1s con-
nected to each of the gate signal lines; the second transistor
has a gate terminal connected to the gate signal line, a source
terminal connected to the source signal line, and a drain
terminal connected to the drain terminal of the dniving
transistor; and the gate driver 1s configured to select plural
ones of the gate signal lines to feed the programming current
to the driving transistor of each of plural pixels and control
the first transistor 1n a manner to turn the first transistor on
at least once and off at least once within a one-frame period.

In the EL display apparatus according to the above-
described invention, 1t 1s possible that the gate driver and the
driving transistors are formed 1n a same process, while the
source driver comprises a semiconductor chip.
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According to the present invention, there 1s also provided
an EL display apparatus comprising: a display region includ-
ing I pixel rows (I 1s an integer not less than 2) and J pixel
columns (J 1s an integer not less than 2); a source driver
operative to apply video signals to source signal lines in the
display region; a gate driver operative to apply on-voltage or
ofl-voltage to gate signal lines in the display region; and a
dummy pixel row formed 1n a region other than the display
region, wherein the display region 1s formed with EL devices
arranged 1n a matrix pattern, each of which 1s operative to
emit light 1n accordance with the video signals from the
source driver, while the dummy pixel row 1s configured such
that the dummy pixel row fails to emit light or 1ts light-
emitting state 1s not recognized visually.

In the EL display apparatus according to the above-
described 1nvention, the gate driver may be configured to
select plural pixel rows at a time for the pixel rows selected
to be applied with the video signals from the source driver
in a manner that the dummy pixel row 1s selected when the
first pixel row or the I’ pixel row is selected.

According to the present invention, there 1s also provided
a method of driving an EL display apparatus characterized
by: feeding the EL device with a current that causes the EL
device to emit light at a luminance higher than a predeter-
mined luminance; and causing the EL device to emit light
for a 1/N part of a one-frame period (N 1s less than 1).

In the method of driving an EL display apparatus accord-
ing to the above-described invention, the 1/N part of the
one-frame period may be divided into plural periods.

According to the present invention, there 1s also provided
a method of driving an EL display apparatus adapted for
programming of a current to pass through an EL device
based on a current, characterized by: causing the EL device
to emit light at a luminance higher than a predetermined
luminance to provide a display 1mn a 1/N (N>1) portion of a
display region; and sequentially shifting the 1/N portion of
the display region to another thereby causing the whole
display region to display.

According to the present invention, there 1s further pro-
vided an electronic apparatus characterized by comprising;:
an EL display apparatus as recited in claim 11, a receiver,
and a speaker.

The foregoing and other objects, features and advantages
of the present invention will become apparent from the
tollowing detailed description of the preferred embodiments
with reference to the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a diagram 1illustrating a pixel configuration of an
EL display panel according to the present invention.

FIG. 2 1s a diagram 1illustrating a pixel configuration of an
EL display panel according to the present invention.

FIG. 3 1s an explanatory diagram illustrating an operation
of an EL display panel according to the present invention.

FIG. 4 1s an explanatory chart 1llustrating an operation of
an EL display panel according to the present invention.

FIG. 5 1s an explanatory view illustrating a method of
driving an EL display apparatus according to the present
invention.

FIG. 6 1s a diagram 1illustrating a configuration of an EL
display apparatus according to the present invention.

FIG. 7 1s an explanatory view illustrating a method of
manufacturing an EL display panel according to the present
invention.

FIG. 8 1s a diagram 1illustrating a configuration of an EL
display apparatus according to the present invention.
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FIG. 9 1s a diagram 1illustrating a configuration of an EL
display apparatus according to the present invention.

FIG. 10 1s a sectional view of an EL display panel
according to the present invention.

FIG. 11 1s a sectional view of an
according to the present invention.

FI1G. 12 15 an explanatory chart illustrating an EL display
panel according to the present mvention.

FIG. 13 1s an explanatory view 1illustrating a method of
driving an EL display apparatus according to the present
invention.

FIG. 14 1s an explanatory chart illustrating a method of
driving an EL display apparatus according to the present
invention.

FIG. 15 1s an explanatory chart illustrating a method of
driving an EL display apparatus according to the present
invention.

FIG. 16 1s an explanatory view illustrating a method of
driving an EL display apparatus according to the present
invention.

FIG. 17 1s an explanatory chart illustrating a method of
driving an EL display apparatus according to the present
invention.

FIG. 18 1s an explanatory chart illustrating a method of
driving an EL display apparatus according to the present
invention.

FIG. 19 1s an explanatory view 1llustrating a method of
driving an EL display apparatus according to the present
invention.

FIG. 20 1s an explanatory view 1llustrating a method of
driving an EL display apparatus according to the present
invention.

FIG. 21 1s an explanatory chart illustrating a method of
driving an EL display apparatus according to the present
invention.

FIG. 22 1s an explanatory view illustrating a method of
driving an EL display apparatus according to the present
invention.

FIG. 23 1s an explanatory chart illustrating a method of
driving an EL display apparatus according to the present
invention.

FIG. 24 1s an explanatory view 1llustrating a method of
driving an EL display apparatus according to the present
invention.

FIG. 25 1s an explanatory chart illustrating a method of
driving an EL display apparatus according to the present
invention.

FI1G. 26 1s an explanatory diagram illustrating a method of
driving an EL display apparatus according to the present
invention.

FIG. 27 1s an explanatory view 1llustrating a method of
driving an EL display apparatus according to the present
invention.

FIG. 28 15 an explanatory diagram 1llustrating a method of
driving an EL display apparatus according to the present
invention.

FIG. 29 1s an explanatory view illustrating a method of
driving an EL display apparatus according to the present
invention.

FIG. 30 1s an explanatory view illustrating a method of
driving an EL display apparatus according to the present
invention.

FIG. 31 1s an explanatory chart illustrating a method of
driving an EL display apparatus according to the present
invention.
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FIG. 32 1s an explanatory diagram 1illustrating a method of
driving an EL display apparatus according to the present
invention.

FIG. 33 1s an explanatory diagram 1illustrating a method of
driving an EL display apparatus according to the present
invention.

FIG. 34 1s a diagram 1illustrating a configuration of an EL
display apparatus according to the present invention.

FIG. 35 1s an explanatory chart illustrating a method of
driving an EL display apparatus according to the present
invention.

FIG. 36 1s an explanatory chart illustrating a method of
driving an EL display apparatus according to the present
ivention.

FIG. 37 1s a diagram 1llustrating a configuration of an ELL
display apparatus according to the present invention.

FIG. 38 1s a diagram 1illustrating a configuration of an ELL
display apparatus according to the present invention.

FIG. 39 1s an explanatory diagram 1llustrating a method of
driving an EL display apparatus according to the present
invention.

FIG. 40 1s a diagram 1illustrating a configuration of an EL
display apparatus according to the present invention.

FIG. 41 1s a diagram 1illustrating a configuration of an EL
display apparatus according to the present invention.

FIG. 42 1s a diagram 1llustrating a pixel configuration of
an EL display panel according to the present invention.

FIG. 43 1s a diagram 1llustrating a pixel configuration of
an EL display panel according to the present invention.

FIG. 44 1s an explanatory diagram 1llustrating a method of
driving an EL display apparatus according to the present
invention.

FIG. 45 1s an explanatory chart illustrating a method of
driving an EL display apparatus according to the present
invention.

FIG. 46 1s an explanatory chart illustrating a method of
driving an EL display apparatus according to the present
invention.

FIG. 47 1s a diagram 1illustrating a pixel configuration of
an EL display panel according to the present invention.

FIG. 48 1s a diagram 1llustrating a configuration of an ELL
display apparatus according to the present invention.

FIG. 49 1s an explanatory chart illustrating a method of
driving an EL display apparatus according to the present
invention.

FIG. 50 1s a diagram 1illustrating a pixel configuration of
an EL display panel according to the present invention.

FIG. 51 1s a diagram 1illustrating a pixel of an EL display
panel according to the present mnvention.

FIG. 52 1s an explanatory chart illustrating a method of
driving an EL display apparatus according to the present
invention.

FIG. 53 1s an explanatory diagram 1llustrating a method of
driving an EL display apparatus according to the present
ivention.

FIG. 54 1s a diagram 1llustrating a pixel configuration of
an EL display panel according to the present invention.

FIG. 55 1s an explanatory diagram 1illustrating a method of
driving an EL display apparatus according to the present
invention.

FIG. 56 1s an explanatory diagram 1llustrating a method of
driving an EL display apparatus according to the present
invention.

FIG. 57 1s an explanatory view 1llustrating a mobile phone
according to the present invention.

FIG. 38 1s an explanatory view illustrating a view finder
according to the present ivention.
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FIG. 59 15 an explanatory view illustrating a digital video
camera according to the present invention.

FIG. 60 1s an explanatory view illustrating a digital still
camera according to the present invention.

FIG. 61 15 an explanatory view illustrating a television set
(monitor) according to the present invention.

FIG. 62 1s a diagram 1llustrating a pixel configuration of
a conventional EL display panel.

BEST MODE FOR CARRYING OUT TH.
INVENTION

(L]

Hereinaliter, embodiments of the present invention will be
described with reference to the drawings.

For easy understanding and/or illustration, each of the
drawings 1n this description may have portions omitted
and/or enlarged/reduced. For example, an encapsulating film
111 and the like are shown to be quite thick in the sectional
view ol a display panel at FIG. 11. On the other hand, an
encapsulating cover 83 1s shown to be thin 1n FIG. 10. There
are omitted portions. For example, a display panel or the like
according to the present invention needs to have a phase film
such as a circularly polarizing plate for antiretlection. How-
ever, such a phase film 1s omitted from the drawings used 1n
this description. This holds true for other drawings. Like
numerals, characters or the like designate parts having
identical or similar forms, materials, functions or operations.

It 15 to be noted that the details to be described with
reference to the drawings may be combined with other
embodiments and the like. For example, a touch panel or the
like may be added to a display panel shown 1n FIG. 8 to form
an nformation display apparatus illustrated 1n any one of
FIGS. 19 and 59 to 61. Alternatively, a magnifying lens 582
may be attached to the display panel to form a view finder
(see FIG. 38) for use 1n a video camera (see FIG. 59 and the
like). Any one of the driving methods to be described with
reference to FIGS. 4, 15, 18, 21 and 23 and like figures 1s
applicable to any one of display apparatus or display panels
according to the present ivention.

While driving transistors 11 and switching transistors 11
will be described to be thin film transistors in this descrip-
tion, they are not limited to thin film transistors. Each of the
transistors 11 may comprise a thin film diode (TFD), ring
diode, or the like. Further, each transistor 11 1s not limited
to such a thin film device but may comprise a device formed
on a silicon water. Of course, any one of FET, MOS-FET,
MOS transistors and a bipolar transistor can serve the
purpose. These are basically thin film transistors. It 1s
needless to say that other devices such as a varistor, thyrister,
ring diode, photodiode, phototransistor, and PLZT device
can serve the purpose. That 1s, each of the switching devices
11 and driving devices 11 may comprise any one of the
devices mentioned above.

As shown in FIG. 10, an organic EL display panel
includes at least one organic functional layer (EL layer) 15
(15R, 15G and 15B) comprising an electron transport layer,
a luminescent layer, hole transport layer and the like, and a
metal electrode (reflective film) (cathode) 106, which are
stacked on a glass plate 71 (array substrate) formed with a
transparent electrode 105 as a pixel electrode. The organic
functional layer (EL layer) 15 1s caused to emit light by
applying the anode consisting of the transparent electrode
(pixel electrode) 105 and the cathode consisting of the metal
clectrode (reflective electrode) 106 with a positive voltage
and a negative voltage, respectively; stated otherwise, by
applying direct current across the transparent electrode 103
and the metal electrode 106.
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A high current passes through wiring for feeding current
to the anode or the cathode (cathode wiring 86 or anode
wiring 87 1n FIG. 8). When the screen size of an EL display
apparatus 1s 40 inches for example, a current of about 100
A passes therethrough. Therefore, such wiring needs to have
a sulliciently low value of resistance. To solve this problem,
the present ivention firstly forms thin film wiring to the
anode or the like (wiring for feeding EL devices with a
luminescence-causing current). The thin film wiring 1s then
thickened with an electrolytic plating technique or an elec-
troless plating technique.

Examples of metals for use in plating include chromium,
nickel, gold, copper, and aluminum, or alloys, amalgams or
laminated structures thereof. As the need arises, the wiring
1s added with 1dentical wiring or metal wiring comprising
wiring and copper foil. Alternatively, the wiring 1s thickened
to have decreased wiring resistance by screen printing over
the wiring with copper paste or the like to stack the paste or
the like thereon. The wiring may be reinforced by superpo-
sition of additional wiring therecon using a bonding tech-
nique. As needs dictate, a grand pattern may be formed over
the wiring to form a capacitor therebetween.

To feed the anode or cathode wiring with a high current,
a power wire for supply of a power having a low current and
a high voltage 1s routed from current feeding means to a
location 1n the vicinity of the anode wiring or the like and the
power 1s converted 1nto a power having a low voltage and a
high current with a DCDC converter or the like before being
fed to the anode wiring or the like. That 1s, a high-voltage
and low-current wire 1s routed from the power source to a
power-consuming target and the power fed therethrough 1s
converted mto a high-current and low-voltage power at a
location short of reaching the power-consuming target.
Examples of such converter means clude a DCDC con-
verter, and a transformer.

Preferable materials for the metal electrode 106 include
lithium, silver, aluminum, magnesium, indium and copper,
or their respective alloys or like materials having low work
functions. Particularly preferable 1s an Al—Li1 alloy {for
example. On the other hand, the transparent electrode 105
may comprise a conductor material having a high work
function, such as I'TO, or gold or the like. If gold 1s used as
the electrode matenal, the resulting electrode 1s translucent.
ITO may be substituted with another matenal such as IZ0.
This holds true for other pixel electrodes 105.

In the vapor deposition of a thin film over the pixel
clectrode 105 or the like, it 1s convenient to form organic EL
film 15 1n an argon atmosphere. By forming a carbon film
having a thickness not less than 20 nm and not more than 50
nm over ITO as the pixel electrode 103, an organic EL film
can be formed which exhibits improved interface stability
and satisfactory luminance and etliciency of luminescence.
The process for forming the EL film 135 1s not limited to
vapor deposition. It 1s needless to say that the EL film 15
may be formed using an ink jet process.

A desiccant 107 1s placed 1n the space defined between the
encapsulating cover 85 and the array substrate 71. This 1s
because the organic EL film 15 1s easily affected by humid-
ity. The desiccant 107 absorbs moisture permeating through
sealant thereby preventing the organic EL film 15 from
deteriorating.

FIG. 10 shows an arrangement of encapsulation with
cover 835 of glass. Encapsulation may be achieved using a
film (which may be a thin film, 1.e., encapsulating thin {ilm)
111 as shown 1n FIG. 11. An example of such an encapsu-
lating film (encapsulating thin film) 111 1s a film formed by
vapor deposition of DLC (diamond-like carbon) on a film
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for use 1n electrolytic capacitors. This film has very poor
water permeability (1.e. high moistureprooiness) and hence
1s used as the encapsulating film 111. It 1s needless to say that
an arrangement 1n which a DLC film or the like 1s vapor-
deposited directly over the electrode 106 can serve the
purpose. Alternatively, the encapsulating thin film may
comprise a multi-layered film formed by stacking a resin
thin film and a metal thin film on the other.

The thickness of the thin film 1s preferably established so
that n-d 1s not more than the dominant wavelength A of light
emitted from the EL device 15, wherein n represents the
refractive index of the thin film (f plural thin films are
stacked on each other, calculation 1s made with their respec-
tive refractive indexes totalized (n-d 1s calculated for each
thin film), and d represents the thickness of the thin film (af
plural thin films are stacked on each other, calculation 1s
made with their respective refractive indexes totalized.)
With this condition being satisfied, the efliciency 1n taking
light out of EL device 15 1s twice or more as high as that of
the case where encapsulation 1s made with a glass substrate.
An alloy, mixture or stack of aluminum and silver may be
formed as the encapsulating thin film.

Such encapsulation with encapsulating film 111 and with-
out cover 85 as described above 1s referred to as thin film
encapsulation. In the thin film encapsulation to be applied to
the case where light 1s taken out from the substrate 71 side,
which 1s referred to as downward takeout (see FIG. 10 1n
which the arrow indicates the light takeout direction), an
aluminum film to be used as the cathode 1s formed over the
EL film formed 1n advance. Subsequently, a resin layer to
serve as a buller layer 1s formed over the aluminum {film.
Examples of materials for the bufler layer include organic
materials such as acrylic resin and epoxy resin. The thick-
ness of the bufler layer 1s suitably not less than 1 um and not
more than 10 um, more preferably not less than 2 um and not
more than 6 um. Further, encapsulating film 74 1s formed
over the bufler film. Without the bufler layer, the structure of
the EL film would collapse, causing streak-like defects to
occur. As described above, the encapsulating film 111 com-
prises, for example, DLC (diamond-like carbon) or a layered
structure for electrolytic capacitors (a multi-layered struc-
ture 1n which a dielectric thin film and an aluminum thin film
are formed alternately by vapor deposition.)

In the thin film encapsulation to be applied to the case
where light 1s taken out from the EL layer 15 side, which 1s
referred to as upward takeout (see FIG. 10 1in which the
arrow 1ndicates the light takeout direction), an Ag—Mg film
to be used as the cathode (or the anode) 1s formed to a
thickness not less than 20 angstroms and not more than 300
angstroms over the EL film formed in advance. Subse-
quently, a transparent electrode comprising ITO or the like
1s formed over the AG-Mg film to lower the resistance,
tollowed by the formation of a resin film as a bufler layer
over the electrode film. Further, encapsulating film 111 1s
formed over the bufler film.

A half of the amount of light emitted from the organic EL
layer 15 1s retlected by reflective film 106, passes through
the array substrate 71, and 1s then emitted from the panel.
However, undesired reflection occurs due to the reflective
film 106 reflecting extrancous light, causing the display
contrast to lower. As the measures to avoid this inconve-
nience, a A/4 plate 108 and a sheet polarizer (polarizing film)
109 are disposed at the array substrate 71. These are gen-
erally called a circularly polarizing plate (circularly polar-
1zing sheet).

It the pixels comprise a reflective electrode, light gener-
ated from the EL layer 15 1s emitted upward. It 1s therefore
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needless to say that the phase plate 108 and the sheet
polarizer 109 are disposed on the light-emitting side in this
case. Such reflective-type pixels can be obtained by forming
pixel electrode 105 of aluminum, chromium, silver or the
like. IT the surface of the pixel electrode 105 1s provided with
projections (or projections and depressions), the interface
with the organic EL layer 15 1s enlarged, which increases the
light-emitting area and 1mproves the luminescence efli-
ciency. It should be noted that when it 1s possible to form a
reflective film to serve as cathode 106 (or anode 1035) on a
transparent electrode or reduce the reflectance to 30% or
lower, the circularly polarizing plate 1s unnecessary. This 1s
because undesired reflection of extraneous light 1s reduced
to a large extent. Further, such an arrangement reduces
interference of light and hence 1s desirable.

Preferably, each transistor 11 employs a LDD (lightly
doped drain) structure. Though the organic EL device
(which 1s variously abbreviated as OEL, PEL, PLED, OLED
or the like) 15 1s exemplified as the EL device in this
description, 1t 1s needless to say that an morganic EL device
1s applicable to the present invention without limitation to
the organic EL device.

The active-matrix configuration used for the organic EL
display panel has to satisty the following two conditions:
(1) the active-matrix configuration 1s capable of selecting a

specified pixel and giving the pixel required information;

and

(2) the active-matrix configuration 1s capable of passing a
current through each EL device throughout a one-frame
period.

To satisty these two conditions, the pixel configuration of
the conventional organic EL device shown in FIG. 62 uses
first transistor 2115 as a switching transistor for pixel
selection and second transistor 211a as a driving transistor
for feeding EL device (EL film) 215 with current.

In causing this configuration to realize gray-scale display,
the driving transistor 211a needs to be applied a voltage
corresponding to a level of gray as a gate voltage. Accord-
ingly, fluctuations of on-current in the driving transistor
211a are directly retlected 1n 1mage display.

The on-current in a transistor formed of single crystal 1s
extremely 1nvariant, whereas a low-temperature polycrys-
talline transistor, which 1s formed by the low temperature
polysilicon technology which enables the formation of a
transistor on an inexpensive glass substrate at 450° C. or
lower, has a threshold voltage varying 1n the range from +0.2
V to £0.5 V. For this reason, the on-current passing through
the driving transistor 211q fluctuates with varnations in
threshold voltage, resulting 1n display irregularities. Such
irregularities occur due not only to vanations 1n threshold
voltage but also to vanations 1n the mobility, gate insulator
thickness or the like of the transistor. Also, the characteris-
tics of the transistor 211 vary as the transistor 211 deterio-
rates.

This phenomenon 1s possible to occur not only with the
low temperature polysilicon technology but also with other
technology including the high temperature polysilicon tech-
nology using a processing temperature of 450° C. or higher
and the technology of forming a transistor using a semicon-
ductor film resulting from solid phase (CGS) growth. As
well, the phenomenon occurs with organic transistors and
amorphous silicon transistors. Therefore, the present inven-
tion to be described below i1s directed to configurations or
methods capable of taking measures depending on those
technologies. In this description, however, transistors of the
type formed by the low temperature polysilicon technology
are described mainly.
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With the method of gray scale display by writing with
voltage as shown 1n FIG. 62, device characteristics need to
be controlled precisely for providing an invariant display.
With the low temperature polysilicon transistor or the like
presently available, however, the requirement of controlling
variations 1n device characteristics to within predetermined
ranges cannot be satisfied.

In the pixel structure of the EL display apparatus accord-
ing to the present mvention, a unit pixel comprises four
transistors 11 and an EL device, as specifically shown in
FIG. 1. The pixel electrode 1s formed as overlapping the
source signal lines. More specifically, source signal lines 18
are 1sulated by the formation of an insulating film or a
planarizing film comprising an acrylic material over the
source signal lines 18, and then pixel electrode 105 1s
formed on the insulating film. Such a structure that a pixel
clectrode overlaps at least a part of source signal lines 1s
called a high aperture (HA) structure. This structure can be
expected to reduce useless interference light and ensure
favorable luminescence.

When gate signal line (first scanning line) 17a 1s rendered
active (applied with on-voltage) by outputting of a gate
signal thereto, the source driver 14 feeds EL device 15 with
a current having a value required by EL device 15 through
driving transistor 11 and switching transistor 11¢ associated
with the EL device 15. By rendering gate signal line 174
iactive (applying the gate signal line with on-voltage) 1n a
manner to shortcircuit the gate and the drain of the transistor
11a, the transistor 115 1s opened and, at the same time, the
gate voltage (or the drain voltage) of the transistor 11a 1s

stored 1n capacitor (storage capacitor or additional capacitor)
19 connected between the gate and the source of the tran-
sistor 11a (see FIG. 3(a).)

The capacitor 19 intermediate the source (S) and the gate
(G) of the transistor 11a preferably has a capacitance of 0.2
pF or more. A structure having capacitor 19 formed sepa-
rately 1s exemplified as another structure. That 1s, the struc-
ture has a storage capacitor comprising a capacitor electrode
layer, a gate msulator and gate metal. Such a separately-
formed capacitor 1s preferable from the viewpoints of pre-
venting a decrease 1n luminance due to leakage from the
transistor 11¢ and stabilizing the display operation.

The capacitor (storage capacitor) 19 pretferably has a
capacitance not less than 0.2 pF and not more than 2 pF,
particularly preferably not less than 0.4 pF and not more
than 1.2 pF. The capacitance of the capacitor 19 1s deter-
mined 1n view of a pixel size. Assuming that Cs (pF) 1s the
capacitance required for one pixel and Sp (square um) 1s the
area occupied by one pixel (not the effective aperture ratio),
Cs and Sp preferably satisty 500/Sp=Cs=20000/Sp, more
preferably 1000/Sp=Cs=10000/Sp. Since the capacitance of
the gate of the transistor 1s small enough, QQ used here 1s the
capacitance of the storage capacitor (capacitor) 19 alone.

Preferably, the capacitor 19 i1s formed substantially in a
non-display region located intermediate adjacent pixels.
Generally, 1n the formation of full color organic EL devices
15, misalignment of a mask causes misregistration of
organic EL layers to occur since the EL layers are formed
using a vapor deposition process with a metal mask. Such
misregistration might cause organic EL layers 15 (15R, 15G
and 15B) for respective colors to overlap each other. For this
reason, adjacent pixels for respective colors have to be
spaced 10u or more by the non-display region. This region
does not contribute to luminescence. Therefore, the forma-
tion of storage capacitor 19 1n this region 1s also effective
means for improving the effective aperture ratio.
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Subsequently, gate signal line 17a 1s rendered mactive
(applied with off-current) and gate signal line 175 rendered
active, so that the current path 1s switched to the path
including EL device 15 and transistor 114 connected to the
first transistor 11a and the EL device 15, thereby causing the
current stored 1n the aforementioned manner to pass through
the EL device 15 (see FIG. 3(H).)

This circuit has four transistors 11 1 one pixel, the
transistor 11a having its gate connected to the source of the
transistor 115. The gates of the respective transistors 115 and
11c are connected to gate signal line 17a. The drain of the
transistor 115 1s connected to the drain of the transistor 11c¢
as well as the source of the transistor 11d. The source of the
transistor 11¢ 1s connected to source signal line 18. The gate
of the transistor 11d 1s connected to gate signal line 175,
while the drain of the transistor 114 connected to the anode
of the EL device 15.

All the transistors shown 1n FIG. 1 are p-channel transis-
tors. The p-channel transistor 1s preferable because 1t has a
high breakdown voltage and 1s hard to deteriorate, though
the p-channel transistor exhibits slightly lower mobaility than
the n-channel transistor. However, the present invention
does not limait the transistors used in the EL device configu-
ration to p-channel transistors. It 1s possible to form the EL
device configuration using the n-channel transistor exclu-
sively. The EL device configuration may be formed using the
n-channel transistor and the p-channel transistor both.

In FIG. 1, 1t 1s preferable that the transistors 11¢ and 115
have the same polarity and are of the p-channel type while
the transistors 1la¢ and 11d are of the n-channel type.
Generally the p-channel transistor 1s characterized 1n the
features including higher reliability and less occurrence of
kink current than the n-channel transistor. Theretfore, use 1s
very ellective of the p-channel transistor as the transistor 11a
associated with EL device 15 which 1s designed to obtain a
desired intensity of luminescence by current control.

Most preferably, all the transistors forming a pixel as well
as mcorporated gate driver 12 are of the p-channel type. By
thus forming the array with exclusive use of p-channel
transistors, the number of masks to be used 1s reduced to
five, which can make the cost lower and the yield higher.

For easy understanding of the present invention, descrip-
tion will be made of the EL device configuration according
to the present invention with reference to FIG. 3. The EL
device configuration of the present invention 1s controlled
with two timings. The first timing 1s timing for storing a
required current value. When transistors 115 and 11c¢ are
turned on at this timing, the equivalent circuit of the EL
device configuration assumes the state shown 1n FIG. 3(a).
Here, a predetermined current Iw 1s written through a signal
line. By so doing, transistor 11a 1s turned into a state where
the gate and the drain are connected to each other and
current Iw passes through the transistor 11a and transistor
11c. Accordingly, the voltage across the gate-source of
transistor 11a assumes a value such as to cause current Iw to
pass.

The second timing 1s timing for closing transistors 115
and 11c¢ and opening transistor 11d. At this time, the equiva-
lent circuit of the EL device configuration assumes the state
shown 1n FIG. 3(b). The voltage across the source-gate of
transistor 11a 1s held as it 1s. In this case transistor 1la
operates within a saturation region at all times and, hence,
the value of current assumes Iw constantly.

These operations cause the display apparatus to be driven
as shown in FIG. 5. Reference character 31a 1n FIG. 5(a)
designates a pixel (row) of display screen 50 programmed
with current at a certain time point (written pixel (row).)
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This pixel (row) 51a 1s a non-lighting (non-display) pixel
row as shown 1n FIG. 5(b). Other pixels (rows) are display
pixels (rows) 33. (That 1s, current 1s passing through EL
devices 15 of the display pixels (rows) 53 and the EL devices
15 are emitting light.)

In the case of the pixel configuration shown in FIG. 1,
programming current Iw passes through source signal line
18 at the time of current-based programming. The current Iw
passes through transistor 11a to make voltage setting (pro-
gramming) ol the capacitor 19 so that a voltage such as to
cause the current Iw to pass 1s held. At this time transistor
114 1s open (in ofl-state).

In a period for allowing current to pass through EL device
15, transistors 11¢ and 1154 are turned off while transistor 114
turned on, as shown 1n FIG. 3(b). Specifically, off-voltage
(Vgh) 1s applied to gate signal line 17a to turn transistors 115
and 11c¢ ofl. On the other hand, on-voltage (Vgl) 1s applied

to gate signal line 174 to turn transistor 114 on.

The chart of such timing 1s shown 1n FIG. 4. In FIG. 4 and
the like, a parenthesized additional numeral (for example,
(1)) indicates a row number given to a pixel row. Specifi-
cally, gate signal line 17a(1) indicates the gate signal line
17a of pixel row (1). *H (**” represents any character or
numeral indicative of the number of a horizontal scanning,
line), which appears 1n the uppermost section of FIG. 4,
represents a horizontal scanning period. Specifically, 1H
represents the first horizontal scanning period. These matters
are for easy description and do not limit the number and the
period of a one-H period, the sequence of pixel rows, and the
like.

As seen from FIG. 4, in each pixel row selected (the
period for which the pixel row 1s 1n the selected state 1s 1H),
gate signal line 175 1s applied with off-voltage, while gate
signal line 17a applied with on-voltage. In this period
current does not pass through EL devices 15; that 1s, the EL
devices 15 are in the non-lighting state. In each pixel row
unselected, on the other hand, gate signal line 174 1s applied
with off-voltage, while gate signal line 1756 applied with
on-voltage. In this period current passes through EL devices
15; that 1s, the EL devices 15 are in the lighting state.

The gate of transistor 115 and that of transistor 11c are
connected to the same gate signal line 17a. However, they
may be connected to different gate signal lines (the gate
signal lines 17a and 17¢ 1n FI1G. 32). In this case, the number
of gate signal lines associated with one pixel 1s three. (The
configuration shown 1n FIG. 1 has two gate signal lines for
one pixel.) By individually controlling the on-off timing for
the gate of transistor 115 and that for the gate of transistor
11c, fluctuations 1n the value of current passing through EL
devices 135 due to vaniations in the characteristics of tran-
sistor 11a can further be reduced.

If gate signal lines 17a and 175 formed mto a common
line and transistors 11¢ and 114 are rendered different from
cach other in conductivity type (i1.e., n-channel type and
p-channel type), 1t 1s possible to simplily the driving circuit
and 1mprove the eflective aperture ratio of pixels.

With such a configuration, the writing path from a rel-
cvant signal line becomes ofl at the operation timing accord-
ing to present invention. If the path allowing current to pass
therethrough 1s branched when a predetermined value of
current 1s to be written, the value of current 1s not exactly
stored 1n the capacitor located intermediate the source (S)
and the gate (G) of transistor 11a. Where transistors 11¢ and
11d are rendered different in conductivity type from each
other, an operation becomes possible such that transistor 114
1s necessarily turned on after transistor 11¢ has been turned
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ofl at timing at which a scanning line 1s switched to another
if each other’s threshold value 1s controlled.

Since the transistors require that each other’s threshold
value be controlled accurately in this case, suflicient care 1s
necessary in the manufacturing process. Though the above-
described circuit 1s feasible with at least four transistors, a
configuration having more than four transistors i which
transistor 11e 1s provided as cascade-connected as shown in
FIG. 2 operates based on the same operating principle
described above. Such a configuration with additional tran-
sistor 11le can cause a current as exact as programmed
through transistor 11¢ to pass through EL device 15.

Variations in the characteristics of transistor 1la are
correlated with the size of the transistor 11a. For reduction
of such vanations in characteristics, the channel length of
the first transistor 11a 1s preferably not less than 5 um and
not more than 100 um, more preferably not less than 10 um
and not more than 50 um. This 1s because when the channel
length L 1s made longer, the grain boundary contained 1n the
channel increases, which 1s presumed to relax the electric
field and hence lower the kink efiect.

It 1s preferable that each of the transistors 11 forming a
pixel comprises a polysilicon transistor formed through the
laser recrystallization method (laser annealing) and the
channels of all the transistors extend 1n the same direction
with respect to the laser irradiation direction. Further, 1t 1s
preferable that the laser scans the same portion twice or
more to form a semiconductor film.

An object of the present invention 1s to propose a circuit
configuration which prevents variations in transistor char-
acteristics from aflecting image display. To attain this object,
four or more transistors are necessary. In determiming a
circuit constant from the characteristics of these transistors,
it 1s difhicult to determine a suitable circuit constant unless
the four transistors are made uniform in characteristics. A
transistor having a channel formed to extend in a horizontal
direction with respect to the longitudinal axis of laser
irradiation 1s different in such transistor characteristics as
threshold value and mobility from a transistor having a
channel formed to extend 1n a vertical direction with respect
to the longitudinal axis of laser irradiation. The extent of
variations 1n one case 1s the same as that in the other. The
transistor having the channel extending in the horizontal
direction and the transistor having the channel extending 1n
the vertical direction are different from each other 1n a mean
value of mobility and a mean value of threshold. Thus, it 1s
desirable that the channel directions of all the transistors
forming a pixel be the same.

Assuming that the capacitance of storage capacitor 19 1s
Cs(pF) and the value of ofl-current applied to the second
transistor 115 1s Iofl(pA), Cs and Iofl preferably satisiy the
formula: 3<Cs/lofl<24.

More preferably, they satisty the formula: 6<Cs/Iofi<18.

The variation 1n the value of current passing through EL
devices can be reduced to 2% or less by adjusting off-current
Ioil of transistor 115 to 5 pA or lower. This 1s because charge
stored between the gate and the source (opposite ends of the
capacitor) cannot be maintained for a one-field period when
voltage 1s not written. Therefore, with increasing storage
capacitance of the capacitor 19, allowable ofl-current
increases. The variation 1 the value of current passing
through adjacent pixels can be reduced to 2% or less by
satisiying the aforementioned formula.

It 1s preferable that each of the transistors forming the
active-matrix configuration comprises a p-channel polysili-
con thin film transistor and transistor 115 has a multi-gated
structure having at least dual gate. Since transistor 115 acts
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as a switch intermediate the source and the drain of transistor
11a, the highest possible on/ofl ratio 1s required of transistor
1156. By employing such a multi-gated structure having at
least dual gate for the gate structure of transistor 115, a high
on/oil ratio characteristic can be realized.

It 1s a general practice to form a semiconductor film
constituting transistors 11 of pixels 16 through low tempera-
ture polysilicon technology with laser annealing. Variations
in laser annealing conditions result in varations 1n the
characteristics of transistors 11. However, 11 there 1s unifor-
mity in the characteristics of respective transistors 11 in one
pixel, a configuration adapted for current-based program-
ming as shown in FIG. 1 or the like 1s capable of operating
so that a predetermined current may pass through EL device
15. This feature 1s an advantage which a voltage-based
programming configuration does not have. The laser for use
here 1s preferably an excimer laser.

In the present immvention, the process used to form the
semiconductor film 1s not limited to the laser annealing
process but may be a thermal annealing process or a process
based on solid phase (CGS) growth. It 1s needless to say that
the present invention can use not only the low temperature
polysilicon technology but also the high temperature poly-
s1licon technology.

In order to solve the problem described above, annealing
1s performed 1n a manner that a laser irradiation spot (laser
irradiation range) 72 extending parallel with source signal
line 18 1s wrradiated with laser light. Further, the laser
irradiation spot 72 1s moved so as to coincide with one pixel
column. Of course, there 1s no limitation to one pixel
column. One pixel unit 16 comprising R, G and B may be
irradiated with laser light (in this case three pixel columns
are 1rradiated). It 1s possible to 1rradiate plural pixels at a
time. It 1s needless to say that the laser irradiation range may
be moved 1n an overlapping fashion. (Usually, moving laser
irradiation range overlaps the preceding laser irradiation
spot.)

Three pixels for R, G and B are formed to constitute a
square shape. Accordingly, each of the pixels for R, G and
B 1s vertically elongated. Thus, annealing with vertically
clongated laser irradiation spot 72 makes 1t possible to avoid
the occurrence of variations i1n the characteristics of tran-
sistors 11 1n one pixel. Further, the transistors 11 connected
to one source signal line 18 can be rendered uniform in
characteristics (mobaility, Vt, S value and the like.) (That 1s,
the transistors 11 connected to one source line 18 can be
made substantially to agree to each other in characteristics,
though there may be a case where the transistors 11 con-
nected to one source signal line 18 are different 1n charac-
teristics from those connected to an adjacent signal line 18.)

Generally, the length of laser irradiation spot 72 1s a fixed
value, for example 10 inches. Since laser 1rradiation spot 72
moves, the panel needs to be positioned so that one laser
irradiation spot 72 can move within a range allowing laser
irradiation spot 72 to move therein. (That 1s, the panel needs
to be positioned so as to prevent laser irradiation spots 72
from overlapping each other in a central portion of display
region S0 of the panel.)

In the arrangement shown in FIG. 7, three panels are
formed as arranged vertically within a range corresponding
to the length of laser irradiation spot 72. An annealing
apparatus for irradiation of laser irradiation spot 72 recog-
nizes positioning markers 73a and 735 provided on glass
substrate 74 (automatic positioning based on pattern recog-
nition) and moves laser irradiation spot 72. The positioning,
markers 73 are recognized by means of a pattern recognition
device. The annealing apparatus recognizes the positioning
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markers 73 to find the position of a pixel column. (That 1s,
the apparatus makes laser irradiation range 72 parallel with
source signal line 18.) Sequential annealing 1s performed
through 1rradiation of laser irradiation spot 72 positioned
coinciding with the position of each pixel column.

Use of the laser annealing method (of the type adapted for
irradiation of a linear laser spot extending parallel with
source signal line 18) described with reference to FIG. 7 1s
preferable particularly in manufacturing an organic EL
display panel of the current-based programming type. This
1s because transistors 11 arranged parallel with a source
signal line are unmiform 1in characteristics. (That 1s, the
characteristics of one pixel transistor are approximate to
those of a vertically adjacent pixel transistor.) For this reason
fluctuations 1n the voltage level of a source signal line which
occur in current-based driving are small and, hence, msui-
ficient writing with current 1s not likely to occur.

In the case of white raster display for example, a current
to be passed through transistor 11a of one pixel 1s substan-
tially equal to a current to be passed through transistor 11a
of an adjacent pixel and, therefore, the amplitude of a current
outputted from source driver 14 varies little. If transistors
11a 1 FIG. 1 are uniform 1n characteristics and the values
of currents for programming pixels of a pixel column are
equal to each other, fluctuations in the potential of source
signal line 18 do not occur. Accordingly, if the transistors
11a connected to one source signal line 18 are substantially
uniform 1n characteristics, fluctuations in the potential of the
source signal line 18 are small. This also holds true for other
pixel configurations of the current-based programming type
as shown 1n FIG. 38 and the like. (This means that use of the
manufacturing method 1illustrated 1n FIG. 7 1s preferable.)

Uniform image display can also be realized by a configu-
ration of the type adapted for writing to plural pixel rows at
a time to be described with reference to FIG. 27 or 30 or the
like. This 1s mainly because display irregularities due to
variations 1n transistor characteristics are not likely to occur.
Since the configuration shown 1n FIG. 27 or the like selects
plural pixel rows at a time, driver circuit 14 can accommo-
date vanations in the characteristics of transistors arranged
vertically 1f the transistors of adjacent pixel rows are uni-
form.

Though the source driver 14 1s formed as comprising an
IC chip as shown 1n FIG. 7, the formation of source driver
14 1s not limited thereto. It 1s needless to say that source
driver 14 may be formed together with pixels 16 in the same
Process.

In the present invention, particularly, the threshold volt-
age Vth2 of transistor 115 1s established so as not to be lower
than the threshold voltage Vthl of transistor 11a associated
with transistor 115 in one pixel. For example, the gate length
[.2 of transistor 115 1s made longer than the gate length L1
of transistor 11a so that Vth2 may not become lower than
Vthl even when the process parameters of these thin film
transistors vary. By so doing, faint leakage current can be
inhibited to occur.

The above-described features are also applicable to the
current mirror pixel configuration shown i FIG. 38. The
configuration shown in FIG. 38 comprises driving transistor
11a allowing signal current to pass therethrough, driving
transistor 116 for controlling driving current to be passed
through a light-emitting device comprising EL device 15 or
the like, take-1n transistor 11¢ for connecting or disconnect-
ing the pixel circuit to or from a data line (data) by control
over gate signal line 17ql1, switchuing transistor 114 for
shortcircuiting the gate and the drain of transistor 11a during
a writing period by control over gate signal line 17a2,
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storage capacitor 19 for holding a voltage across the gate and
the source of transistor 11a even aiter completion of writing,
of the voltage, and EL device 15 as a light-emitting device.

Though transistors 11¢ and 114 are n-channel transistors
while other transistors are p-channel transistors in FIG. 38,
this feature 1s a mere example and the configuration need not
necessarily have this feature. Though the storage capacitor
19 has one terminal connected to the gate of transistor 11a
and the other terminal connected to Vdd (power supply
potential), the storage capacitor 19 may be connected to any
fixed potential instead of Vdd. The cathode (negative elec-
trode) of EL device 15 1s connected to the ground potential.

Description will be made of an EL display panel and an
EL. display apparatus according to the present invention.
FIG. 6 1s an explanatory diagram mainly 1illustrating the
circuit of the EL display apparatus. Pixels 16 are arranged or
formed 1n a matrix pattern. Each pixel 16 1s connected to
source driver 14 adapted to output a current for current-
based programming of each pixel 16. The source driver 14
has an outputting section formed with current mirror circuits
corresponding to the number of bits of an 1image signal as
gray scale data, as will be described later. For example, 1f
there are 64 gray-levels, each source signal line 1s formed
with 63 current mirror circuits. The source driver 14 1s
configured to be capable of applying a desired current to

source signal line 18 by selecting a current mirror circuits
count.

The minimum output current of one current mirror circuit
1s set to be not more than 10 nA and not less than 50 nA. It
1s particularly preferable to set the minimum output current
ol one current mirror circuit to be not more than 15 nA and
not less than 35 nA. This 1s because such setting can ensure
correct functioning of the transistors forming the current
mirror circuits in the source driver 14.

The source driver 14 incorporates a precharge or dis-
charge circuit for forcibly charging or discharging source
signal line 18. The precharge or discharge circuit for forcibly
charging or discharging source signal line 18 1s preferably
configured to be capable of setting output voltage (current)
values for respective of R, G and B independently. This 1s
because EL devices 15 for R, G and B have diflerent
threshold values.

Organic EL devices are known to have high temperature
dependence. In order to control vanations in luminance
intensity due to such temperature dependence, the current
mirror circuits are provided with a nonlinear device, such as
thermistor or posister, for varying the output current. A
reference current 1s generated in an analog fashion by
adjusting variations due to the temperature dependence by
means ol the thermistor or the like.

In the present invention, source driver 14 comprises a
semiconductor chip and 1s connected to terminals of source
signal lines 18 on substrate 71 by the Chip On Glass (COG)
technology. Metal wires of chromium, aluminum, silver or
the like are used for wiring of signal lines including source
signal lines 18. This 1s because such a wire offers a low
resistance with a small wiring width. In the case where the
pixels are of the reflection type, 1t 1s preferable that such
wiring 1s made of the same material as the reflective film of
the pixels and formed at the same time with the formation of
the retlective film. By so doing, the process can be simpli-
fied.

The technology for use 1n mounting source driver 14 1s
not limited to the COG technology. It 1s possible that the
source driver 14 1s mounted by the Chip On Film (COF)

technology and connected to signal lines of the display
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panel. A drive IC may comprise three chips, with a power
supply IC 82 being formed separately.

On the other hand, the gate driver 12 1s formed by the low
temperature polysilicon technology. This means that the gate
driver 12 1s formed along with the transistors of the pixels
by the same process. This 1s because the gate driver 12 has
a simple 1nternal structure and a low working frequency as
compared to the source driver 14. Therelore, the gate driver
12 can be formed easily even by the low temperature
polysilicon technology, which leads to the frame made
narrower. Of course, it 1s needless to say that the gate driver
12 may comprise a silicon chip and may be mounted on the
substrate 71 by utilizing the COG technology. The gate
driver, switching devices including a pixel transistor, and
like components may be formed by the high temperature
polysilicon technology, or they may be formed using an
organic material (organic transistor).

The gate driver 12 incorporates a shift register circuit 61a
for gate signal line 17a, and a shiit register circuit 6156 for
gate signal line 175b. Each shift register 61 1s controlled using
clock signals of positive and negative phases (CLKxP and
CLKxN) and start pulse (STx). Preferably, there are addi-
tionally used an enable signal (ENABL) for controlling
outputting/non-outputting from gate signal lines and an
up-down (UPDOWN) signal for reversing the shifting direc-
tion up and down. It 1s also preferable to provide an output
terminal or the like for checking whether the start pulse has
been shifted by the shift register and outputted therefrom.
The timing for shifting by the shift register 1s controlled
using a control signal from control IC 81. The gate driver 12
further incorporates a level shifting circuit for shifting an
extrancous data level, and an mspection circuit.

Since the shift register circuit 61 has a low buller capacity,
the shilt register circuit 61 cannot directly drive gate signal
lines 17. For this reason, at least two inverter circuits 62 are
formed between the output of the shift register 61 and an
associated output gate 63 adapted to drive gate signal line
17.

Similarly, in the case where the source driver 14 1s formed
directly on the substrate 71 by such polysilicon technology
as the low temperature polysilicon technology, plural
inverter circuits are formed between an analog switch gate
such as a transter gate for driving source signal line 18 and
a shift register of the source driver 14. The source driver and
the gate driver share the following feature (1.e., the feature
related to an 1mverter circuit provided between the output of
a shift register and an outputting section (including an output
gate or a transfer gate)) adapted to drive signal lines.

Though an output of the source driver 14 1s shown to
connect directly to source signal line 18 i FIG. 6 for
example, actually the output of the shift register of the
source driver 1s connected to multiple inverter circuits, the
outputs of which are connected to analog switch gates such
as transier gates.

Each inverter circuit 62 comprises a p-channel MOS
transistor and an n-channel MOS transistor. As described
above, an output terminal of shift register 61 of the gate
driver 12 1s connected to multiple mverter circuits 62 and the
output of the final inverter circuit 1s connected to associated
output gate circuit 63. Each inverter circuit 62 may comprise
transistors of p-channel type only. In this case, inverter
circuit 62 may serve as a mere gate circuit but not as an
inverter.

FIG. 8 1s a diagram 1illustrating an arrangement for supply
of signals and voltage 1n the display apparatus or the
configuration of the display apparatus according to the
present invention. Signals from control IC 81 are fed to
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source driver 14a (power supply wiring, data wiring or the
like) through flexible board 84.

In FIG. 8, control signals for gate driver 12 are generated
at control IC 81, level-shifted at source driver 14 and then
applied to gate driver 12. Since the driving voltage of source °
driver 14 ranges from 4 to 8 (V), a control signal having an
amplitude of 3.3 (V) can be converted into a signal having
an amplitude of 5 (V), which can be received by gate driver

12.

Source driver 14 1s preferably provided therein with
image memory. The image memory may store image data
previously subjected to an error diffusion process or a dither
process. Such an error diffusion process or dither process
can convert 260,000-color display data into, for example,
4096-color display data, thereby contributing to a reduction
in the capacity of the image memory. The error diffusion
process or the like can be achieved with error diffusion
controller 81. Image data may be subjected to the dither
process and then further subjected to the error diffusion »¢
process. The matter described above holds true for a reverse
error diffusion process.

Though the component 14 in FIG. 8 or the like 1s referred
to as the source driver, the component 14 may incorporate
not only a mere driver circuit but also a power supply circuit, 25
bufler circuit (including such a circuit as a shift register),
data converter circuit, latch circuit, command decoder, shift
circuit, address translator circuit, image memory or the like.

It 1s needless to say that a three-side-free arrangement
(structure) and a driving method, which will be described 30
with reference to FIG. 9 and the like, are applicable to the
configuration described with reference to FIG. 8.

For the display panel to be used 1n an information display
apparatus such as a mobile phone, 1t 1s preferable that source
driver (circuit) 14 and gate driver (circuit) 12 are mounted 35
(formed) on one side of the display panel. (It should be noted
that an arrangement such that driver ICs (circuits) are
mounted (formed) on one side of a panel 1s referred to as a
three-side-free arrangement (structure). It has been a con-
ventional practice to mount gate driver 12 and source driver 40
14 on X-side and Y-side, respectively, of a display region.)
The three-side-free arrangement allows the center line of
screen 50 to coincide with the center line of the display
apparatus easily and makes the mounting of driver ICs easy.
The gate driver may be formed 1n a three-side-iree arrange- 45
ment by the high temperature or low temperature polysilicon
technology. (That 1s, at least one of source driver 14 and gate
driver 12 shown in FI1G. 9 1s formed directly on substrate 71
by the polysilicon technology.)

The term ‘“‘three-side-iree arrangement” 1s meant to 50
include not only an arrangement having ICs mounted or
tformed directly on substrate 71 but also an arrangement 1n
which a film attached with source driver (circuit) 14, gate
driver (circuit) 12 and the like (by TCP or TAB technology)
1s bonded to one side (or essentially one side) of substrate 55
71. That 1s, the term “three-side-free arrangement™ 1s meant
to include any arrangement or disposition having two sides
on which any IC 1s not mounted or fitted as well as all
arrangements similar thereto.

When gate driver 12 1s disposed beside source driver 14 60
as shown 1n FI1G. 9, gate signal lines 17 need to be arranged
along side C.

The portion imndicated by thick solid line 1n FIG. 9 and the
like 1s a portion in which gate signal lines are formed side
by side. Accordingly, the portion designated by reference 65
character b (lower portion 1n the figure) 1s formed with
parallel gate signal lines 17 1n the number shown, while the
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portion designated by reference character a (an upper por-
tion 1n the figure) 1s formed with one gate signal line 17.

The pitch at which gate signal lines 17 are formed on C
side 1s not less than 5 um and not more than 12 um. If the
pitch 1s less than 5 um, noise occurs at an adjacent gate
signal line by the influence of parasitic capacitance. Accord-
ing to an experiment, the influence of parasitic capacitance
becomes significant when the pitch 1s 7 um or less. When the
pitch further decreases to a value less than 5 um, 1mage noise
such as beat noise occurs vigorously on the display screen.
Particularly, noise occurs differently between the right-hand
side and the left-hand side of the screen and it 1s dithcult to
reduce such 1mage noise as beat noise. On the other hand, 11
the pitch exceeds 12 um, the frame width D of the display
panel becomes so large that the display panel cannot be put
to practical use.

The aforementioned i1mage noise can be reduced by
providing a ground pattern (which 1s a conductive pattern set
to have a fixed voltage or a stabilized potential as a whole)
as a layer underlying or overlying the portion formed with
gate signal lines 17. Alternatively, a separately-formed
shielding plate or foi1l (which 1s a conductive pattern set to
have a fixed voltage or a stabilized potential as a whole)
should be placed over gate signal lines 17.

Though the gate signal lines 17 formed on side C 1n FIG.
9 may comprise an ITO electrode each, each of them
preferably comprise a stack of ITO film and metal thin film
so as to have decreased resistance. Alternatively, each gate
signal line preferably comprises a metal film. In stacking
metal thin film on ITO, a titanium film 1s formed over ITO
and then a thin film of aluminum or of alloy comprising
aluminum and molybdenum 1s formed over the titanium
film. Alternatively, a chromium film 1s formed over I'TO. In
the case where each gate signal line comprises metal film,
the metal film comprises an aluminum thin film or a chro-
mium thin film. The matters described above hold true for
other embodiments of the present invention.

There 1s no limitation to the arrangement shown in FIG.
9 or the like 1n which gate signal lines 19 are disposed (or
formed) on one side of display region 50. Gate signal lines
19 may be disposed (or formed) on opposite sides of display
region 50. For example, 1t 1s possible that gate signal lines
17a are disposed (or formed) on the right-hand side of
display region 50 while gate signal lines 175 disposed (or
formed) on the left-hand side of display region 50. The
matter thus described hold true for other embodiments.

Source driver 14 and gate driver 12 may be formed 1nto
a single chip. With such a single chip, it 1s suflicient to mount
a single IC chip on the display panel. Accordingly, the
mounting cost can be reduced. In addition, different voltages
to be used 1n the single chip driver IC can be generated at a
time.

There 1s no limitation to the above-described feature that
source driver 14 and gate driver 12 are each formed from a
semiconductor water such as silicon and then mounted on
the display panel. It 1s needless to say that they may be
formed directly on display panel 82 by the low temperature
polysilicon technology or the high temperature polysilicon
technology.

In the configuration shown in FIG. 1 or the like, EL device
15 1s connected to Vdd potential through transistor 11a.
Such a configuration, however, mvolves a problem of dif-
ferent driving voltages to be applied to organic EL devices
for developing respective colors. For example, when a
current of 0.01 (A) is allowed to pass per unit cm”, the
terminal voltage of EL device for blue (B) assumes 5 (V)

while that of each of EL devices green (G) and red (R)




US 9,892,683 B2

23

assumes 9 (V). That 1s, G and R are different from B 1n
terminal voltage. Therefore, B 1s different from G and R in
the source-drain voltage (SD voltage) of transistor 11a to be
held. For this reason, the transistors associated with respec-
tive color EL devices have diflerent ofl-leak currents due to
different source-drain voltages (SD voltages). When such
oil-leak currents occur with a diflerence 1n ofi-leak charac-
teristic between EL devices for respective colors, a compli-
cated display state results where flicker occurs with the

colors being out of balance and the gamma characteristic
deviates 1n accordance with the correlation with the color of
emitted light.

To deal with this problem, an arrangement 1s employed
such that the potential at the cathode of at least one of R, G
and B devices 1s made different from that at the cathode of
cach of the other devices. Alternatively, another arrangement
may be employed such that the Vdd potential of at least one
of R, G and B devices 1s made different from that of each of

the other devices.

It 1s needless to say that terminal voltages of EL devices
for R, G and B are preferably made as equal to each other
as possible. Materials and structures needs to be selected so
that the terminal voltages of R, G and B devices assume
respective values not higher than 10 (V) on condition that
the devices each exhibits a white peak luminance and the
color temperatures of the respective devices are 1n the range
not lower than 7000 K and not higher than 12,000 K.
Further, the difference between the maximum terminal volt-
age and the minimum terminal voltage of the EL devices for
R, G and B need be not more than 2.5 (V), preferably not
more than 1.5 (V). While the foregoing embodiment uses the
colors of R, G and B, there 1s no limitation to these colors.
This will be described later.

While the pixels are adapted to develop the three primary
colors, namely R, G and B, they may be adapted to develop
three colors, namely cyan, yellow and magenta. It 1s possible
to use two colors, namely B and yellow. Of course, 1t 1s
possible to use a monochromatic color. It 1s possible to use
s1X colors, namely R, G, B, cyan, yellow and magenta. It 1s
also possible to use five colors, namely R, G and B, cyan and
magenta. These colors offer widened color reproducible
ranges ol natural colors and hence are capable of realizing
tavorable display. Another possible combination of colors
includes four colors, namely R, GG, B and white. Yet another
possible combination of colors includes seven colors,
namely R, G, B, cyan, yellow, magenta, black and white. It
1s possible that white light emitting pixels are formed (or
made) throughout display region 30 and R, G and B color
filters are provided on the pixels to realize a three-primary-
color display. In this case it 1s suilicient to stack light-
emitting materials for respective colors on EL layers. Alter-
natively, each pixel 1s dividedly painted with B and yellow
for example. As described above, the El display apparatus
according to the present invention 1s not limited to color
display based on the R, G and B three primary colors.

Three major methods can be used 1n causing an organic
EL display panel to realize color display, and the color
conversion method 1s one of them. According to this
method, 1t 1s suflicient to form a single luminescent layer for
blue and the other colors, namely green and red, required for
tull color display are produced by color conversion from
blue light. Accordingly, there 1s no need to provide layers
painted mmto R, G and B separately. This method has an
advantage that there 1s no need to provide a set of organic EL
materials for respective of R, G and B. The color conversion
method 1s free of a decrease 1n production yield, which 1s
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essential to the separately painting method. Either method 1s
applicable to the EL display panel and the like according to
the present ivention.

In addition to the pixels for the three primary colors,
white-light-emitting pixels may be formed. Such a white-
light-emitting pixel can be realized by stacking light-emut-
ting structures for R, G and B on each other. A set of pixels
comprises pixels for the R, G and B three primary colors and
a white-light-emitting pixel 16 W. The formation of such a
white-light-emitting pixel makes it easy to develop a white
light peak luminance. Thus, brilliant image display can be
realized.

In forming a set of pixels for the R, G and B three primary
colors or like colors, the pixels for the respective colors are
preferably made to have respective pixel electrodes having
different areas. Of course, the pixel electrodes may have
equal areas i1f the emission efliciencies of the respective
colors are well-balanced and the color purities of the respec-
tive colors are also well-balanced. If one or plural colors are
ill-balanced, it 1s preferable to adjust the light-emitting
surface areas ol the respective pixel electrodes. The light-
emitting surface areas of the pixel electrodes for the respec-
tive colors should be determined based on their current
densities. Specifically, on condition that white balance 1s
adjusted 1n a state where the color temperatures are within
the range not lower than 7000 K (Kelvin) and not higher
than 12,000 K, the difference in current density between the
pixel electrodes for the respective colors 1s adjusted to
within £30%, preferably £15%. If the current density of the
pixel electrode for one color is 100 A/m* for example, the
current density of the pixel electrode for any one of the three
primary colors 1s made to assume a value not less than 70
A/m? and not more than 130 A/m?, more preferably not less
than 85 A/m® and not more than 115 A/m”.

Organic EL device 13 1s a self-luminescent device. When
light of luminescence becomes incident on a transistor
serving as a switching device, a photoconductor phenom-
enon occurs. The photoconductor phenomenon 1s a phenom-
enon that leakage at a switching device, such as a transistor,
in an off state (ofl-leak) increases due to optical excitation.

To deal with this problem, the present invention forms a
light-shielding film underlying gate driver 12 (source driver
14 1n some cases) and pixel transistors 11. The light-
shielding film comprises a metal thin film such as chromium
and has a thickness not less than 50 nm and not more than
150 nm. I1 the film thickness 1s too small, the film has a poor
light-shielding effect. On the other hand, 11 the film thickness
1s too large, unevenness occurs, which makes the patterning
of overlying transistors 11a difficult.

A planarization film having a thickness not less than 20
nm and not more than 100 nm, which comprises an 1norganic
material, 1s formed over the light-shielding film. One elec-
trode of storage capacitor 19 may be formed using the layer
of this light-shielding film. In this case the planarization film
1s preferably made as thin as possible so that the storage
capacitor has a larger capacitance. Alternatively, it 1s pos-
sible that the light-shielding film 1s formed from aluminum
and a silicon oxide film 1s formed over the surface of the
light-shielding film by utilizing the anodic oxidation tech-
nique for use as a dielectric film of storage capacitor 19. On
the planarization film are formed pixel electrodes of a high
aperture (HA) structure.

The drniver circuit 12 and the like should 1nhibit penetra-
tion of light not only from the reverse side but also from the
obverse side. This 1s because malfunction of such a circuit
1s caused by the influence of the photoconductor phenom-
enon. For this reason, in the present imvention, when the
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cathode comprises a metal film, the drivers 12 and the like
are formed with such a cathode electrode covering the
surface thereof to serve as the light-shielding film.

However, the formation of such a cathode over the drivers
12 possibly causes a malfunction of the drivers due to an
clectric field produced from the cathode or an electric
contact between the cathode and the driver circuit. To deal
with this problem, the present invention forms at least one
organic EL film layer, preferably a plurality of organic EL
f1lm layers over the driver circuits 12 and the like at the same
time with the formation of the organic EL film over pixel
clectrodes.

Since such an organic EL film 1s basically an msulator, the
formation of the organic EL film over the drivers 1solates the
drivers from the cathode, thus overcoming the aforemen-
tioned problem.

When shortcircuiting occurs between terminals of one or
more transistors 11 or between a signal line and a transistor
11, EL device 15 associated therewith lights constantly and
such a pixel may become a luminescent spot. Since this
luminescent spot 1s visually prominent, the luminescent spot
needs to be turned mto a black spot (or turned into the
non-lighting state.) The pixel 16 constituting such a lumi-
nescent spot 1s detected and then the capacitor 19 of the pixel
16 1s 1rradiated with laser light so that the terminals thereof
are shortcircuited. By so doing, the capacitor 19 becomes
incapable of holding charge and, hence, the transistor 11a
cannot allow current to pass therethrough any more.

It 1s desirable that the cathode film situated 1n a region to
be 1rradiated with laser light be removed 1n advance 1n order
to prevent a terminal electrode of the capacitor 19 from
shortcircuiting with the cathode film.

A defect of transistor 11 of pixel 16 aflects the dniver
circuit 14 or the like. For example, when a source-drain (SD)
shortcircuit 562 occurs at driving transistor 11a as shown 1n
FIG. 56, the source driver 14 1s applied with Vdd voltage of
the panel. For this reason, the supply voltage of the source
driver 14 1s preferably set equal to or higher than the supply
voltage Vdd of the panel. It 1s preferable to employ an
arrangement capable of controlling the reference current to
be used 1n the source driver 14 by means of an electron
volume 561.

When SD shorcircuit 562 occurs at transistor 11a, an
excessive current passes through EL device 15. This causes
the EL device 15 to light constantly (to become a lumines-
cent spot). Such a luminescent spot 1s visually prominent as
a defect. In FIG. 56 for example, when a source-drain (SD)
shortcircuit occurs at transistor 11a, current from the Vdd
voltage keeps on passing through the EL device 15 (while
the transistor 114 1s on.) Accordingly, the EL device 15
becomes a luminescent spot.

Further, such a SD shorcircuit at the transistor 11a causes
the Vdd voltage to be applied to source signal line 14, hence,
to the source driver 14 while the transistor 11¢ 1s on. If the
supply voltage of the source driver 14 1s lower than Vdd, the
source driver 14 might be broken down due to a voltage
exceeding the withstand voltage. For this reason, the supply
voltage of the source driver 14 1s preferably set equal to or
higher than the Vdd voltage (which 1s the higher voltage
applied to the panel.)

The SD shortcircuit or a like defect at transistor 11a may
result 1n the breakdown of the source driver of the panel as
well as a spot defect. A luminescent spot, which 1s visually
prominent, makes the panel faulty. For this reason, 1t 1s
necessary to turn such a luminescent spot into a black defect
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by cutting ofl the wiring interconnecting transistor 11a and
EL device 15. Optical means such as laser light may be used
to cut off the wiring.

Though wiring 1s cut oil 1n the above embodiment, the
means for changing a luminescent spot into a black display
spot 1s not limited thereto. As can be understood from FIG.
1 for example, a modification may be made so that the
supply voltage Vdd for transistor 11a 1s constantly applied
to the gate () terminal of the transistor 11a. For example,
i the opposite terminals of the capacitor 19 are short-
circuited, the Vdd voltage 1s applied to the gate (G) terminal
of transistor 11a. Accordingly, the transistor 11a 1s kept 1n
complete off-state and hence does not allow current to pass
through the EL device 15 any more. This can be easily
realized through laser 1rradiation of capacitor 19, which can
shortcircuit the capacitor electrodes.

Further, since the Vdd wiring actually underlies the pixel
clectrode, the display condition of the pixel can be con-
trolled (or modified) through irradiation of the Vdd wiring
and the pixel electrode with laser light.

Additionally, turning a luminescent spot into a black
defect can also be realized by making open the channel
between the source and the drain of the transistor 1la.
Brietly, the transistor 11a i1s mrradiated with laser light to
make the channel thereof open. Similarly, the channel of the
transistor 114 may be opened. When the channel of the
transistor 115 1s opened, the associated pixel 16 cannot be
selected and hence becomes a black display.

In order to turn pixel 16 into a black display, the EL device
15 may be deteriorated. For example, laser light 1s applied
to the EL layer 15 to deteriorate the EL layer physically or
chemically, thereby making the EL layer 15 incapable of
luminescence (constant black display.) Irradiation with laser
light can heat the EL layer 15 thereby deteriorating it easily.
Use of an excimer laser can cause a chemical change of the
EL layer 15 to take place easily.

While the pixel configuration shown 1 FIG. 1 15 exem-
plified 1n the above-described embodiment, the present
invention 1s not limited thereto. It 1s needless to say that the
art of making wiring or electrodes open or shortcircuited by
the use of laser light 1s applicable to other current-driven
pixel configurations such as a current mirror circuit con-
figuration and voltage-driven pixel configurations as shown
in FIG. 62 or 51 or the like.

A method of driving the pixel configuration shown in FIG.
1 will be described below. As shown 1n FIG. 1, gate signal
line 17a assumes a conducting state during a row selecting
period, while gate signal line 175 assumes a conducting state
during an unselecting period. (Here, application of a low-
level voltage causes gate signal line 17 to assume the
conducting state since the transistors 11 in FIG. 1 are
p-channel transistors.)

Parasitic capacitance (not shown) 1s present 1 source
signal line 18. Such parasitic capacitance 1s produced due to
a capacitance at each of the intersections of source signal
line 18 and gate signal lines 17, a channel capacitance at
each of transistors 115 and 1lc¢, or the like.

Time t required for the value of current at source signal
line 18 to vary 1s found from the equation: t=C-V/I, where
C represents the value of parasitic capacitance, V represents
a voltage applied to source signal line 18 and I represents a
current passing through source signal line 18. Accordingly,
the time t required for the value of current to vary can be
shortened to nearly V1o by increasing current to a 10-fold
value. The equation also indicates that even when the
parasitic capacitance in source signal line 18 increases to a
10-told wvalue, the value of current can be varied to a
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predetermined value. Therefore, increasing the value of
current 1s effective 1n writing a predetermined current value
within a short horizontal scanning period.

In order to charge/discharge the parasitic capacitance of
source signal line 18, a current having value I satisfying the
formula: I>(C-V)/t should be passed through source signal
line 18.

If the input current 1s increased 10 times, the output
current 1s also increased 10 times. In this case the luminance
of the EL device 1s also raised 10 times, which means that
a predetermined luminance cannot be obtained. In this
respect, the present invention realizes the predetermined
luminance by providing settings such that the conducting
pertod of transistor 174 in FIG. 1 1s set to Yo of the
conventional conducting period and the light-emitting
period of EL device 15 set to Yo of the conventional
light-emitting period.

That 1s, 1n order to program transistor 11a of pixel 16 with
a predetermined current value after suflicient charge/dis-
charge of the parasitic capacitance of source signal line 18,
source driver 14 needs to output a relatively high current.
However, when such a high current 1s passed through source
signal line 18, the pixel 1s programmed with the value of this
current undesirably, with the result that the EL device 135 1s
ted with a higher current than the predetermined current. For
example, 1I programming 1s made with a 10-fold current,
naturally a 10-fold current passes through EL device 15, thus
causing the EL device 15 to emit light at a 10-fold lumi-
nance. To obtain the predetermined luminance of emission,
the time period for which the EL device 15 1s fed with the
current should be shortened to Y10. Such a driving method 1s
capable of sufhliciently charging/discharging the parasitic
capacitance ol source signal line 18 and obtaining the
predetermined luminance of emission.

The above-described feature that a 10-fold current value
1s written to transistor 11a of a pixel (more exactly, the
terminal voltage of capacitor 19 is set to a predetermined
value) and the on-time of EL device 15 1s shortened to o,
1s an mere example. In some cases 1t 1s possible that a
10-fold current value 1s written to transistor 11a of a pixel
and the on-time of EL device 15 1s shortened to 145, Alter-
natively, as the case may be, i1t 1s possible that a 10-fold
current value 1s written to transistor 11a of a pixel and the
on-time of EL device 135 1s shortened to 4.

The present invention 1s characterized by a driving
method 1 which a current to be written to a pixel 1s set to
have a value diflerent from the predetermined value while
EL device 15 1s fed with a current intermittently. For easy
explanation, the drniving method 1s herein described as
having a feature that a current N times as high as the
predetermined current 1s written to transistor 11 of a pixel
while the on-time of EL device 15 1s set 1/N times the
predetermined time period. However, the present invention
1s not limited to this feature. It 1s needless to say that 1t 1s
possible that an N fold current i1s written to transistor 11 of
a pixel while the on-time of EL device 15 1s 1/N2 times as
large as the predetermined time period, (where N and N2 are
different from each other.)

The “predetermined current”, as used herein, means a
current required to realize a gray scale display correspond-
ing to an 1mage signal. The predetermined current has a
current value varying depending on the specifications of the
EL display apparatus. For example, the current value ranges
from about 0.25 A to about 0.75 uA when a luminance of
150 nt 1s to be realized. Therefore, 1 N=4, a current value of
from about 1 uA to about 3 YA 1s to be written to transistor
11. Similarly, 1f N=8, the current value to be written ranges
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from about 2 pA to about 6 uA. If N=2, the current value to
be written ranges from about 0.5 pA to about 1.5 pA.

The intervals at which the imntermittent passage of current
1s performed are not limited to equal intervals. For example,
random intervals are possible (provided the display period or
the non-display period, as a whole, has a predetermined
value (fixed rat10).) The intervals may differ depending on R,
G and B. That 1s, each of R, G and B display periods or
non-display periods should be adjusted to a predetermined
value (fixed ratio) so as to optimize the white balance.

For easy explanation, the on-time 1s described to be 1/N
of 1F (one field or one frame period), 1F being used as a
reference. However, a time period required for selection of
one pixel row and programming with a current value (which
1s usually one horizontal scanning period) should be taken
into account. In addition, errors may occur depending on the
scanning conditions. Thus, the above description 1s merely
provided for convenience 1n making the explanation easy
and there 1s no limitation thereto.

For example, 1t 1s possible that pixel 16 1s programmed
with a 10-fold current (IN=10) and EL device 1s caused to
light for a 1/5 period. In this case EL device 15 lights at a
two-fold luminance (10/35=2). Alternatively, 1t 1s possible
that pixel 16 1s programmed with a two-fold current (N=2)
and EL device 15 1s caused to light for a 1/4 period. In this
case EL device 15 lights at a 0.5-fold luminance (2/4=0.5).
That 1s, according to the present invention, a pixel 1is
programmed with an N-fold current (N 1s not equal to 1) and
a display which 1s not in a constant lighting state (1.e. 1/1,
which does not means intermittent driving) is realized. In a
wider sense, the present invention provides a driving method
which includes cutting off feeding of current to EL device 15
at least once 1n a one-frame (or one-field) period. The
present nvention also provides a driving method which
includes programming pixel 16 with a current higher than
the predetermined value while performing intermittent dis-
play necessarily.

Organic (or iorganic) EL display apparatus involve a
problem essential to their display method which 1s basically
different from the display method applied to such display
apparatus as a CRT adapted to display an image as an
aggregate of line displays provided by means of an electron
gun. Since such an EL display apparatus 1s configured to
hold a current (or a voltage) written to a pixel for a one-F
(one-field or one-frame) period. This configuration gives
rise to a problem of a blurred outline of an 1mage 11 1t 1s
displayed 1in a motion picture display state.

According to the present invention, EL device 15 1s fed
with a current for only a 1F/N period of a one-frame period
and 1s not fed with a current for the rest of the frame period
(1F(N-1)/N). Consideration 1s given to the case where one
spot of the screen driven according to this driving method 1s
observed. In this display state, a display based on 1image data
and a black display (non-lighting state) alternate with each
other on a 1F basis. That 1s, such a display based on image
data appears at time 1ntervals (intermittent display). When a
display based on motion picture data 1s realized by such
intermittent display driving, the image has no blurred out-
line, which means that a display of high quality 1s realized.
Thus, the intermittent display method can realize a motion
picture display close to that realized by a CRT. Further, since
the main clock used 1n the circuit 1s a conventional one in
spite of intermittent display, no increase occurs in the power
consumption of the circuit.

In the case of a liquid crystal display panel, image data
(voltage) based on which light modulation 1s performed 1s
held 1n the liquid crystal layer. Therefore, data applied to the
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liquid crystal layer needs to be rewritten 1n order to 1nsert a
black display. For this reason, 1t 1s required that the value of
the clock for operating source driver 14 be made higher
while source signal line 18 applied with 1image data and
black display data alternately. Accordingly, the value of the
main clock of the circuit needs to be raised 1n order to realize
insertion of black (intermittent display of a black display or
the like.) In addition, image memory for extending the time
axis 15 also needed.

In a pixel configuration of the EL display panel of the
present invention as shown in FIG. 1, 2 or 38 or the like,
image data 1s held 1n the capacitor 19. A current correspond-
ing to the terminal voltage of this capacitor 19 1s passed
through EL device 15. Thus, image data 1s not held 1n a light
modulation layer as 1n the liquid crystal display panel.

According to the present invention, the current to be
passed through EL device 15 1s controlled by merely turning
on/ofl switching transistor 114 or 11e or the like. That 1s,
even when the current Iw passing through EL device 15 1s
cut ofl, image data 1s held as it 1s 1n the capacitor 19.
Therefore, when the switching device 114 or the like 1s
turned ofl at the next timing to feed EL device 15 with a
current, this current has a current value equal to that of the
current passed just before. The present mvention does not
need to raise the main clock of the circuit even when
insertion of black (intermittent display of a black display or
the like) 1s to be made. Nor does the present invention need
to extend the time axis and, hence, image memory therefor
1s not needed either. Organic EL device 15 requires a
shortened time for the device 15 to emit light from the time
when 1t 1s fed with current and hence 1s responsive at a high
speed. For this reason, the present invention 1s suitable for
motion picture display and 1s capable of solving the motion
picture display problem which i1s essential to display panels
of the conventional data holding type (liquid crystal display
panel, EL display panel, and the like) by intermaittent display.

In the case of a large-sized display apparatus having an
increased source capacitance, the source current should be
increased 10 times or more. Generally, when the source
current value 1s increased N times, 1t 1s sufficient to set the
conducting period for gate signal line 175 (transistor 11d) to
1F/N. By so doing, the present invention 1s applicable to
television sets, monitoring display apparatus, and the like.

The driving method according to the present imnvention
will be described more specifically with reference to the
drawings. The parasitic capacitance of source signal line 18
1s produced due to the coupling capacitance between adja-
cent source signal lines 18, the capacitance of the buller
output of source driver IC (circuit), the capacitance at a
crossing point between gate signal line 17 and source signal
line 18, and the like. Such a parasitic capacitance 1s usually
10 pF or more. In the case of voltage-based driving, driver
IC 14 applies a voltage to source signal line 18 with a low
impedance and, hence, some 1ncrease 1n the parasitic capaci-
tance does not raise any driving problem.

However, 1n the case of current-based driving, image
display of a black level, 1n particular, requires programming
ol capacitor 19 of a pixel with a faint current of 20 nA or
lower. For this reason, when the parasitic capacitance takes
place as having a value more than a predetermined value, the
parasitic capacitance cannot be charged/discharged within
the time required for one pixel row to be programmed. (The
time required 1s usually a 1H period or shorter but 1s not
limited thereto since two pixel rows may be programmed at
a time.) If charge/discharge 1s impossible within a 1H
period, writing to a pixel 1s insuflicient and, hence, display
with a desired resolution cannot be realized.
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In the case of the pixel configuration shown i FIG. 1, a
programming current Iw passes through source signal line
18 during current-based programming as shown in FIG.
3(a). The current Iw 1s passed through transistor 11a to set
(program) a voltage of capacitor 19 so that the voltage for
causing the current Iw to pass 1s held. At this time transistor
114 1s 1n an open state (oil-state).

In turn, transistors 11¢ and 1156 are turned off and tran-
sistor 114 operates 1n the period for feeding EL device 15
with a current as shown i FIG. 3(b). Specifically, ofl-
voltage (Vgh) 1s applied to gate signal line 17a to turn
transistors 115 and 11c¢ ofl. On the other hand, on-voltage
(Vgl) 1s applied to gate signal line 175 to turn transistor 11d
off.

Now, assuming that the current Iw 1s 10 times as high as
a current (ol a predetermined value) to be passed conven-
tionally, a current passing through EL device 15 1 FIG. 3(b)
1s also 10 times as high as the predetermined value. Accord-
ingly, EL. device 15 emits light at a luminance 10 times as
high as a predetermined value. That 1s, the display lumi-
nance B of the display panel becomes higher with increasing
magnification N, as shown 1n FIG. 12. Therefore, the lumi-
nance and the magnification are proportional to each other.
With 1/N drniving, on the other hand, the luminance and the
magnification are inverse proportion to each other.

If transistor 114 1s caused to assume on-state for only 1/N
of the time period for which transistor 11 assumes on-state
conventionally and to assume ofl-state for the rest ((N-1)/N)
of the time period, the mean luminance throughout 1F
becomes a predetermined luminance. This display state 1s
close to a display state of a screen scanned with an electron
ogun 1n a CRT. The difference therebetween resides 1n that the
region displaying an image or the lighting region 1s 1/N of
the whole screen (which 1s equal to 1.) (The lighting region
in the CRT corresponds to one pixel row (one pixel in a strict
sense). )

In the present imnvention, 1F/N 1mage display region 53
shifts from the upper side to the lower side of screen 30, as
shown 1n FIG. 13(b). EL device 15 1s fed with current for
only a 1F/N period and 1s not fed with current for the rest
(1F-(N-1)/N) of the period. Therefore, each pixel displays
intermittently. However, the image 1s seen to be retained at
human eyes through afterimage and, hence, the whole screen
1s seen to display uniformly.

It should be noted that written pixel row 51a forms a
non-lighting display 52a, as shown in FIG. 13. However,
this occurs 1n the pixel configurations shown i FIGS. 1 and
2. Such a wrnitten pixel row 51a may assume a lighting state
in the current mirror pixel configuration shown 1n FIG. 38 or
the like. In the present description, however, the pixel
configuration shown in FIG. 1 1s mainly exemplified for easy
explanation. The method illustrated in FIG. 13 or 16 or the
like, which includes programming with a current higher than
the predetermined driving current Iw and intermittent driv-
ing, will be referred to as an N-fold pulse driving method.

In this display state, a display based on 1image data and a
black display (non-lighting state) alternate with eachon a 1F
basis. That 1s, such a display based on 1mage data appears at
time intervals (intermittent display). Since liquid crystal
display panels (and EL display panels other than the EL
display panels of the present invention) are configured to
hold data at pixels for a 1F period, an image on a motion
picture display cannot keep up with image data changing,
resulting in blurred motion picture (blurred 1mage outline).
According to the present invention, however, an 1mage 1s
displayed intermittently and, hence, satisfactory display
state with no blurred outline can be realized. Thus, the
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intermittent display method can realize a motion picture
display close to that realized by a CRT.

The timing chart of such intermittent display 1s shown in
FIG. 14. The pixel configuration shown 1n FIG. 1 1s exem-
plified 1n the present invention unless otherwise particularly
specified. As seen from FIG. 14, 1n each selected pixel row
(selecting period 1s 1H), gate signal line 175 1s under
application of ofl-voltage (Vgh) (see FIG. 14(b)) while gate
signal line 17a 1s being applied with on-voltage (Vgl) (see
FIG. 14(a).) During this period, EL device 13 1s not fed with
current (in a non-lighting state). In an unselected pixel row,
on the other hand, gate signal line 17a 1s under application
of off-voltage (Vgh) and gate signal line 176 1s under
application of on-voltage (Vgl). During this period, EL
device 15 1s fed with current (in a lighting state). In the
lighting state, ELL device lights at a luminance N times as
high as a predetermined value (N-B) for a time period of
1F/N. Thus, a means display luminance of the display panel
throughout a 1F period can be found from the equation:
(N-B)x(1/N)=B (predetermined luminance).

FI1G. 15 illustrates an embodiment 1n which the operation
illustrated 1 FIG. 14 1s applied to pixel rows. Specifically,
voltage wavelorms to be applied to respective gate signal
lines 17 are shown. Each voltage waveform comprises
off-voltage Vgh (H level) and on-voltage Vgl (L level).
Additional numerals such as (1) and (2) indicate the row
numbers of selected pixel rows.

In FIG. 15, when gate signal line 17a(1) 1s selected (at
voltage Vgl), a programming current 1s passed through
source signal line 18 from transistor 11a of the selected pixel
row toward source driver 14. This programming current 1s N
times as high as a predetermined value. (Description 1s made
with N=10 for easy explanation. Since the predetermined
value 1s the value of a data current causing an 1mage to be
displayed, the predetermined value 1s not a fixed value
unless white raster display 1s given.) Accordingly, capacitor
19 1s programmed so that a 10-1fold current will pass through
transistor 11a. When pixel row (1) 1s 1n the selected state,
gate signal line 175(1) of the pixel configuration of FIG. 1
1s under application of ofi-voltage (Vgl), thus preventing
current from passing through EL device 15.

After lapse of 1H, gate signal line 17a(2) 1s selected (at
voltage Vgl) and a programming current 1s passed through
source signal line 18 from transistor 11a of the selected pixel
row toward source driver 14. This programming current 1s N
times as high as a predetermined value. (Description 1s made
with N=10 for easy explanation.) Accordingly, capacitor 19
1s programmed so that a 10-fold current will pass through
transistor 11a. When pixel row (2) 1s 1n the selected state,
gate signal line 175(2) of the pixel configuration of FIG. 1
1s under application of ofl-voltage (Vgl), thus preventing
current from passing through EL device 15. On the other
hand, the preceding pixel row (1) assumes a lighting state
because gate signal line 17a(1) and gate signal line 1756(1)
of pixel row (1) are applied with off-voltage (Vgh) and
on-voltage (Vgl), respectively.

After lapse of another 1H, gate 81gnal line 17a(3) 1s
selected and gate signal line 1756(3) 1s apphed with ofl-
voltage (Vgh) to prevent current from passing through EL
device 15 of pixel row (3). On the other hand, the preceding
pixel rows (1) and (2) assume the lighting state because gate
signal lines 17a(1) and 17a(2) thereof are applied with
ofl-voltage (Vgl) and gate signal lines 1756(1) and 175(2)
thereol are applied with on-voltage (Vgl).

The above-described operation 1s synchronized with a 1H
synchronizing signal. With the driving method of FIG. 15,
however, a 10-fold current passes through El device 135 and,
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accordingly, display screen 50 displays an image at a lumi-
nance having about a 10-fold value. Of course, 1t 1s needless
to say that the programming current should be decreased to
/10 1n order to realize a display at the predetermined lumi-
nance. With such a Yio current, however, insutlicient writing,
occurs due to parasitic capacitance and the like. The basic
concept of the present mvention i1s that programming 1s
made with a high current to avoid such 1nsutlicient writing
while black display 52 1s iserted to obtain the predeter-
mined luminance.

An 1mportant feature of the driving method of the present
invention resides in that a current higher than the predeter-
mined current 1s caused to pass through EL device 135
thereby sufliciently charging/discharging the parasitic
capacitance of source signal line 18. Therefore, EL device
15 need not necessarily be fed with a current N times as high
as the predetermined current. For example, a configuration
may be employed such that a current path i1s formed in
parallel with EL device 15 (specifically, a dummy EL device
1s formed which has been subjected to such processing as to
prevent the dummy EL device from emitting light, for
example, formation of a light-shielding film thereover) and
a current 1s dividedly fed to the dummy EL device and EL
device 15. When the signal current is 0.2 uA for example, the
programming current adjusted to 2.2 uA 1s passed through
transistor 11a. Of this current, the signal current of 0.2 pA
1s fed to EL device 15 while the remaining current of 2.0 uA
fed to the dummy EL device. Such a dnving method is
exemplified. That 1s, dummy pixel row 281 shown 1n FIG.
27 1s made constantly selected. The dummy pixel row 1s
made to fail to emit light or formed with a light-shielding
film to prevent emission of light from being recognized
visually.

With such an arrangement, programming can be made so
that a current N times as high as the predetermined current
will pass through driving transistor 11a by increasing the
current to pass through source signal line 18 N times, while
at the same time a current sufliciently lower than the N-fold
current can be passed through EL device 15. The above-
described method does not need to provide non-lighting
region 52 shown in FIG. 5 and hence can allow the whole
display region 50 to be used as 1image display region 53.

FIG. 13(a) 1llustrates a written state of display screen 50.
Reference character S1a used i FIG. 13(a) designates a
written pixel row. Source driver 14 feeds the programming
current to each source signal line 18. In FIG. 3 or the like,
writing 1s made to a single pixel row m a 1H penod.
However, there 1s no particular limitation to 1H but it 1s
possible to employ a 0.5H period or a 2H period. Though the
programming current 1s written to source signal line 18
according to the above description, the present invention 1s
not limited to such a current-based programming method but
may employ a voltage-based programming method (illus-
trated 1n FIG. 62 or the like) in which source signal line 18
1s written with a voltage.

In FIG. 13(a), when gate signal line 17a 1s selected,
transistor 11a 1s programmed with a current passing through
source signal line 18. At that time, gate signal line 175 1s
applied with ofl-voltage and, as a result, EL device 15 1s not
ted with a current. This 1s because when transistor 114 1s 1n
on-state, a capacitance component of EL device 15 1s seen
from source signal line 18 and capacitor 19 cannot suili-
ciently accurately be programmed with current because of
the intluence of the capacitance. Accordingly, 1n the con-
figuration of FIG. 1 for example, a pixel row written with
current forms non-lighting region 52, as shown 1n 13(5).
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If programming 1s made with an N-fold current (here,
N=10 as described earlier), the luminance of the screen 1s
increased 10 times. Therefore, non-lighting region 52 should
cover 90% of display region 30. Specifically, 1 an 1image
display region has 220 horizontal scanning lines (S=220) 1n
Quarter Common Intermediate Format (QCIF), 22 lines
should form display region 53, with the rest (220-22=198)
forming non-display region 32. Generally speaking, 1f the
number of horizontal scanning lines (the number of pixel
rows) 1s S, an S/N region 1s used as display region 53 which
1s caused to emit light at an N-fold luminance. This display
region 33 1s scanned vertically of the screen. Thus, the
remaining S(N-1)/N region 1s used as non-lighting region
52. This non-lighting region forms a black display (lumi-
nescenceless region.) Such a luminescenceless region 52 1s
realized by turning transistor 114 off. Though the display
region 53 has been described to light at an N-fold luminance,
it 15 needless to say that the value of N can be controlled by
brightness adjustment or gamma adjustment, as a matter of
course.

In the above-described embodiment, non-lighting region
52 should cover 90% of display region 350 because 1f
programming 1s made with an N-fold current, the luminance
of the screen 1s increased 10 times. However, this feature 1s
not limited to an arrangement where R, G and B pixels form
non-lighting regions 32 in the same manner. For example,
the proportion of non-display region 52 may be varied
depending on R, G and B; for example, R pixel provides
non-lighting region 52 covering 118 of display region 50, G
pixel provides non-lighting region 52 covering V6 of display
region 50, and B pixel provides non-lighting region 352
covering Y10 of display region 50. Alternatively, 1t 1s possible
to employ an arrangement such as to adjust non-lighting
region 52 (or lighting region 53) 1n individual R, G and B
pixels. To realize these arrangements, gate signal lines 175
for respective of R, G and B need to be provided. By making
individual adjustment of R, G and B possible, it becomes
possible to control white balance as well as to ease color
balance adjustment at each gray level (see FIG. 41.)

As shown 1n FIG. 13(5), pixel rows including written
pixel row 51a form non-lighting region 52, while an S/N
region (which 1s 1F/N 1n terms of time) 1n a screen portion
above written pixel row 51a forms lighting region 33. (In the
case of scanning upwardly from the lower side of the screen,
lighting region 33 1s situated on the opposite side.) In this
image display state, band-like display region 53 shiits down-
wardly from the upper side of the screen.

In the display shown in FIG. 13, one display region 33
shifts downwardly from the upper side of the screen. If the
frame rate 1s low, shifting of display region 53 is visually
recognized. This 1s likely particularly when the viewer
blinks his or her eyes or moves his or her face up and down.

To solve this problem, display region 53 should be split
into plural sections as shown in FIG. 16. If the total sum of
the areas of the sections 1s equal to the area of an S(N-1)/N
region, the brightness of this display 1s equal to that of the
display shown in FIG. 13. Display region 53 need not
necessarily be split equally. Similarly, sections of non-
display region 52 split need not necessarily be uniform.

By thus splitting display region 53 into plural sections, the
screen provides a display with reduced flitter. Thus, favor-
able 1mage display free of tlicker can be realized. Display
region 53 may be split into smaller sections. However, with
finer splitting, the motion picture display performance low-
ers.

FIG. 17 shows a voltage wavetorm applied to each gate
signal line 17 and the luminance of the EL device emitting
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light. As can be clearly seen from FIG. 17, the (1F/N) period
for which gate signal line 175 1s applied with Vgl 1s divided
into plural subperiods (the number of subperiods 1s K.) That
1s, gate signal line 1756 1s applied with Vgl for a 1F/(K-N)
period K times. Such a control can inhibit the occurrence of
flicker and realize image display with a low frame rate. It 1s
also preferable to employ such an arrangement as to allow
the number of such image divisions to be varied. For
example, an arrangement 1s possible such as to detect a
change resulting from depressing of a brightness adjuster
switch or turning of a brightness adjuster volume and then
vary the value of K. Another possible arrangement allows
the user to adjust the luminance. Yet another possible
arrangement allows the user to vary the number of K
depending on the details of or data on an i1mage to be
displayed manually or 1s capable of varying the number of
K automatically.

While description has been made of the feature that the
(1F/N) period for which gate signal line 1756 1s applied with
Vgl 1s divided into plural subperiods (the number of sub-
periods 1s K) and gate signal line 175 1s applied with Vgl for
a 1F/(K-N) period K times, there 1s no limitation to this
teature. Gate signal line 1756 may be applied with Vgl for the
1F/(K-N) period L times (LL=K). Thus, the present invention
has the feature that an image 1s displayed by controlling the
period (time) for which EL device 15 1s fed with current.
Therefore, the art of repeating the 1F/(K-N) period L times
(L=K) 1s included 1n the technical concept of the present
invention. The luminance of image 50 can be varied digitally
by varying the value of L. For example, the difference
between L=2 and L=3 corresponds to a 350% change in
luminance (contrast). In splitting display region 53, the
period for which gate signal line 175 1s applied with Vgl 1s
not necessarily constant.

The above-described embodiment 1s an embodiment 1n
which display screen 50 1s turned on/off (into lighting
state/non-lighting state) by cutting of the current to be
passed through EL device or passing the current through EL
device. That 1s, the embodiment 1s configured to pass
generally equal current through transistor 11a plural times
by the charge held in capacitor 19. However, the present
invention 1s not limited thereto. The present invention may
employ such a configuration as to turn display screen 50
on/off (into lighting state/non-lighting state) by charging/
discharging capacitor 19.

FIG. 18 shows a voltage wavelorm applied to each gate
signal line 17 for realizing the image display state shown 1n
FIG. 16. The difference between FIG. 18 and FIG. 15 resides
in the operation of gate signal line 175. Gate signal line 175
1s turned on/ofl (with Vgl or Vgh) plural times, the number
of times corresponding to the number of split sections of the
screen. Since other features are the same as the correspond-
ing features of FIG. 15, description thereof will be omitted.

Since the EL display apparatus assumes a completely
non-lighting state to provide a black display, a drop in
contrast, which 1s essential to intermittent display performed
by a liquid crystal display panel, does not occur. With the
configuration shown 1n FIG. 1, imtermittent display can be
realized by merely on-oil controlling transistor 114. With
cach of the configurations shown i FIGS. 38 and 51,
intermittent display can be realized by merely on-ofl con-
trolling transistor 1le. This 1s because capacitor 19 stores
image data. (The number of gray levels 1s infinite since such
stored 1mage data 1s an analog value.) Specifically, each
pixel 16 stores image data for a 1F period. Whether or not
EL device 15 1s to be fed with a current corresponding to
image data stored in each pixel 16 1s controlled by control
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over transistors 114 and 11le. Thus, the above-described
driving method 1s applicable not only to the current-driven
configuration but also to the voltage-driven configuration.
Stated otherwise, the driving method can realize intermittent
driving ol a configuration where each pixel 1s adapted to
store a current to be passed through EL device 15 by turning

on/ofl the driving transistor 11 on the current path between
EL devices 15.

It 1s critical to maintain the terminal voltage of capacitor
19. This 1s because when the terminal voltage of capacitor 19
varies (1.e., capacitor 19 1s charged/discharged) during a
one-field (frame) period, the luminance of the screen varies,
which results 1n tlitter (flicker or the like) when the frame
rate 1s lowered. It 1s required that the current to be passed
through EL device 15 during a one-frame (field) period
should not lower to 65% or less. The value of 65% means
that assuming the first current written to pixel 16 and passed
through EL device 15 1s 100%, the current to be passed
through EL device 15 just before writing to the pixel 16 in
the next frame (or field) 1s set to 65% or more.

In the configuration shown i FIG. 1, the number of
transistors 11 forming one pixel 1s not varied irrespective of
whether or not intermittent display 1s realized. That 1s,
satisfactory current-based programming is realized by elimi-
nating the influence of the parasitic capacitance of source
signal line 18 without changing the pixel configuration. In
addition, picture motion display close to that provided by a
CRT can be realized.

Since the clock for operating gate driver 12 1s sufliciently
slow as compared to the clock for operating source driver
14, the main clock of the circuit does not rise. Further, the
value of N can be varied easily.

It 1s possible that the image displaying direction (1mage
writing direction) at the first field ({frame) 1s the direction
from the upper side to the lower side of the screen while the
image displaying direction at the second field (frame) 1s the
direction from the lower side to the upper side of the screen.
That 1s, the downwardly displaying direction and the
upwardly displaying direction may alternate with each other
repeatedly.

It 1s also possible that the image displaying direction at the
first field ({frame) 1s the direction from the upper side to the
lower side of the screen and after the whole screen has been
temporarily turned into a black display (into a non-display
state), the 1mage displaying direction i1s switched to the
direction from the lower side to the upper side of the screen
at the subsequent second field (frame). The whole screen
may present a black display once.

Though the aforementioned driving method has been
described to perform the writing to the screen 1n the direc-
tion from the upper side to the lower side of the screen or
from the lower side to the upper side of the screen, there 1s
no limitation to this feature. It 1s possible that the direction
of writing to the screen from the upper side to the lower side
or from the lower side to the upper side 1s fixed whereas
non-display region 52 shifts 1n the direction from the upper
side to the lower side of the screen at a first field (frame)
while shifting in the direction from the lower side to the
upper side of the screen at a subsequent second field. It 1s
also possible that one frame 1s divided into three fields, the
first, second and third ones of which are allocated to R, B
and G, respectively, and, hence, three fields constitute one
frame. It 1s also possible that R, G and B are switched one
to another on a one horizontal scanning period (1H) basis.
The above-described matters hold true for other embodi-
ments of the present invention.
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Non-display region 52 need not necessarily assume a
completely non-lighting state. There arises no practical
problem even when faint luminescence or faint image dis-
play occurs. Such faint luminescence or faint image display
should be construed as a region having a lower display
luminance than image display region 53. The “non-display
region 327 1s meant to include even the case where one or
two of R, G and B image display pixels are in the non-
display state.

Basically speaking, with the luminance (brightness) of
display region 53 being maintained to a predetermined
value, the luminance of screen 50 rises with increasing area
of display region 53. For example, with display region 53
having a luminance of 100 (nt), an increase 1n the proportion
of display region 53 relative to the whole screen 50 from
10% to 20% raises the screen luminance twice. Thus, the
display luminance of the screen can vary with varying area
of display region 53 in the whole screen 30.

The area of display region 33 can be set as desired by
controlling data pulse (ST2) to be fed to shift register 61.
Further, the display state shown 1n FIG. 16 and the display
state shown 1n FIG. 13 can be switched to each other by
varying the data pulse mput timing and the data pulse input
cycle. An increase 1n the number of data pulses per 1F period
causes screen S0 to become brighter, whereas a decrease 1n
the number of data pulses causes screen 50 to become
darker. Continuous application of data pulses results in the
display state shown 1n FIG. 13, while intermittent inputting
of data pulses results 1n the display state shown 1n FIG. 16.

FIG. 19(a) 1llustrates a method of brightness adjustment
applicable to the case where display region 53 1s continuous
as shown 1n FIG. 13. The screen 50 at FIG. 19(al) has the
highest display luminance. The display luminance of the
screen 50 at Fig. (a2) 1s next to the highest, whereas that of
the screen 50 at Fig. (a3) 1s the lowest. The change 1n state
from FIG. 19(al) to FIG. 19(a3) and vice versa can be easily
realized by control over the shifter register 61 of gate driver
12 and the like as described above. At that time, the voltage
Vdd in FIG. 1 need not be varied. That 1s, the luminance of
display screen 50 can be varied without varying the supply
voltage. The gamma characteristic of the screen does not
vary at all with the change in state from FIG. 19(al) to FIG.
19(a3). Thus, the contrast and the gray scale characteristic of
a displayed image are maintained 1rrespective of the lumi-
nance of screen 30. This 1s an eflect characteristic of the
present mvention. With the conventional screen luminance
adjustment, the gray scale performance 1s low when the
luminance of screen 30 1s low. Specifically, though a
64-level gray scale display can be realized at a high lumi-
nance display, the number of displayable gray levels 1s
decreased to a half or less at a low luminance display 1n most
cases. In contrast, the driving method of the present inven-
tion 1s capable of realizing the maximum 64-level gray scale
display without dependence on the display luminance of the
screen.

FIG. 19(b) illustrates a method of brightness adjustment
applicable to the case where display region 53 1s dispersed
as shown 1n FIG. 16. The screen 50 at FIG. 19(b1) has the
highest display luminance. The display luminance of the
screen 50 at Fig. (b2) 1s next to the highest, whereas that of
the screen 50 at Fig. (b3) 1s the lowest. The change 1n state
from FIG. 19(b1) to FIG. 19(53) and vice versa can be easily
realized by control over the shifter register 61 of gate driver
12 and the like as described above. If display region 53 1s
dispersed as shown in FIG. 19(b), flicker does not occur
even at a low frame rate.




US 9,892,683 B2

37

In order to further lessen the occurrence of tlicker at a low
frame rate, display region 53 should be dispersed more
finely as shown in FIG. 19(c). In this case, however, the
motion picture display performance lowers. Therelore, the
driving method illustrated 1 FIG. 19(a) 1s suitable for
motion picture display. The driving method illustrated in
FIG. 19(c) 1s suitable for the case where a stationary image
1s displayed with low power consumption demanded.
Switching from the FIG. 19(a) method to the FIG. 19(c)
method can be easily realized by control over shiit register
61.

FIG. 20 1s an explanatory view illustrating another
embodiment for increasing the current to be fed to source
signal line 18. This embodiment 1s a method of significantly
improving insuilicient writing with current, which basically
comprises selecting plural pixel rows at a time and charging/
discharging the parasitic capacitance of source signal line 18
and the like with a current which 1s the sum of currents
required by the plural pixel rows. Since plural pixel rows are
selected at a time, the current for driving one pixel can be
decreased. Hence, the current to be fed to EL. device 15 can
be decreased. Here, for easy explanation, the case of N=10
(in which a 10-fold current i1s passed through source signal
line 18) will be described as an example.

As shown 1n FIG. 20, K pixel rows are selected according
to the present invention. Source signal line 18 1s applied with
a current N times as high as a predetermined current from
source driver 14. Each pixel 1s programmed with a current
N/K times as high as the current to be passed through the EL
device 15. The time period for which the EL device 15 1s fed
with the current 1s set to K/N of a one-frame (field) period.
Such a driving method makes 1t possible to charge/discharge
the parasitic capacitance of source signal line 18 sufliciently
as well as to obtain satisfactory resolution and a predeter-
mined luminance of emission.

Specifically, EL device 15 1s fed with current for K/N of
a one-frame (field) period and is not fed with current for the
rest (1F(N-1)K/N) of the one-frame period. In this display
state, a display based on image data and a black display
(non-lighting state) alternate with each other repeatedly 1F
by 1F. That 1s, such a display based on image data appears
at time intervals (intermittent display). Thus, a motion
picture display of hjgh quality with no blurred outline can be
realized. Further, since source signal line 18 1s driven with
an N-fold current, the parasitic capacitance does not aflect
the display and, hence, the driving method of the present
invention 1s applicable to high-resolution display panels.

FIG. 21 1s an explanatory diagram of driving voltage
wavelorms used for realizing the driving method illustrated
in FIG. 20. In this figure, a signal wavelorm comprises
ofl-voltage Vgh (H level) and on-voltage Vgl (L level). The
numeral added to each signal line, such as (1), (2) or (3),
indicates the row number of each pixel row. It should be
noted that a QCIF display panel has 220 rows while a VGA
panel has 480 rows.

In FIG. 21, when gate signal line 17a(1) 1s selected (at
voltage Vgl), a programming current 1s passed through
source signal line 18 from transistor 11a of the selected pixel
row toward source driver 14. For easy explanation, descrip-
tion will be made of the case where pixel row 51a to be
written 1s the first pixel row.

The programming current to be passed through source
signal line 18 1s N times as high as a predetermined value.
(Description 1s made with N=10 for easy explanation. Since
the predetermined value 1s the value of a data current
causing an i1mage to be displayed, the predetermined value
1s not a fixed value unless a white raster display 1s provided.)
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Further, description will be made of the case where five pixel
rows are to be selected at a time (K=5.) Accordingly, the

capacitor 19 of one pixel 1s programmed so that, 1deally, a
2-fold current (N/K=10/5=2) will pass through transistor
11a.

When the written pixel row 1s the first pixel row (1), gate

signal lines 17a(1) to 17a(5) are 1n the selected state. That
1s, the switching transistors 115 and 11c¢ of each of pixels
rows (1) to (5) are in on-state. Also, gate signal line 175 1s
in reversed phase with gate signal line 17a. Accordingly, the
switching transistor 114 of each of the pixel rows (1) to (5)
1s 1n oil-state, thus preventing current from passing through
EL devices 15 of the associated pixel row. That 1s, these EL
devices are in the non-lighting state 52.

Ideally, the transistors 11la of five pixels each pass a
current of Iwx2 through source signal line 18. (That 1s, a
current of Iwx2xN=Iwx2x5=Iwx10 1s passed through
source signal line 18. Therefore, assuming that the current to
be passed through source signal line 18 in the case where the
N-fold pulse driving method of the present invention 1s not
employed 1s the predetermined current Iw, a current 10 times
as high as 1w 1s to be passed through source signal line 18.)

The operation (driving method) described above causes
the capacitor 19 of each pixel 16 to be programmed with a
2-fold current. Here, description 1s made on the assumption
that transistors 11a are uniform 1in characteristics (Vt and S
value) for easy understanding.

Since the number of pixel rows selected at a time 1s five
(K=5), five driving transistors 11a operate. That 1s, a 2-fold
(10/5=2) current passes through transistor 1la per pixel.
Source signal line 18 1s fed with a current as the sum of
programming currents for the five transistors 1la. For
example, assuming that the current to be conventionally
passed through pixel row 51a to be written 1s Iw, a current
of Iwx10 1s to be passed through source signal line 18
according to the present invention. Pixel rows 3515 to be
written with 1mage data after writing to pixel row (1) are
now used as auxiliary pixel rows for increasing the amount
of current to be fed to source signal line 18. However, there
arises no problem because the pixel rows 515 will be written
with correct 1image data thereafter.

Therefore, the four pixel rows 515 provide the same
display as the pixel row 51a during a 1H period. For this
reason, at least the written pixel row 51a and the pixel rows
51b selected for increasing the current are made to assume
the non-lighting state 52. However, such pixel rows in a
current mirror pixel configuration as shown in FIG. 38 or
other pixel configurations adapted for voltage-based pro-
gramming may be made to assume the lighting state.

After lapse of 1H, gate signal line 17a(1) assumes the
unselected state while gate signal line 175 1s applied with
on-voltage (Vgl). At the same time, gate signal line 17a(6)
1s selected (applied with Vgl voltage) and transistor 11a of
the selected pixel row (6) passes the programming current
through source signal line 18 toward source driver 14. Such
an operation allows pixel row (1) to hold regular image data.

Aft